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FOREWORD

Analytical means to capture numerical figures, to examine data, to process arith-
metically, to detect tendencies by use of graphs, diagrams, etc., and based on the so
processed facts, to grasp the crux of a problem, to find a remedy, and to implement
a solution. This approach by all levels of managers, supervisors, and workers is
necessary to vitalize a company by creating a constantly self-improving manufactur-
ing system.

‘The obligation to improve the system never ceases (W. Edwards Deming).” The
latter is more a reality than a slogan. Intense competition requires constant resolu-
tion of problems and constant identification of the next problems to be solved. Thus,
constant methods development, i.e., constant change, is the only true reality for
survival in the modem industrial world.

Effective quality circles are analytical in nature. Where they are armed with
analytical methods and given knowledge of how work processes are performing,
even workers methodically analyze and make suggestions for improvements. Thus,
no one should read this publication without studying Appendix D. Appendix D
consists entirely of worker accounts which detail actual accomplishments by quality
circles in shipyards operated by Ishikawajima-Harima Heavy Industries Co., Ltd.
(IHI). The worker prepared Pareto, Cause and Effect, and other analytical charts are
especially noteworthy. Appendix D cuts through the misleading verbiage that sur-
rounds quality circles and other such programs that are based on little more than
slogans and exhortations.
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Quality Control shoud check the
process, not the product.

W. Edwards Deming



1.0 INTRODUCTION

The abbreviation “TQC” stands for Total Quality Control, a
largely Japanese outgrowth of the worldwide quality control
movement.

To many people, Quality Control (QC) originally meant no
more than testing to check the quality of finished goods. Later,
statistical techniques (statistical quality control methods) were
introduced. More recently, TQC was developed, because with
the automated processes and high technology used today, it is
difficult for a small group of specialists or inspectors alone to
control the quality of a final product.

Before, QC affected things that could be measured and
weighed, e.g., ships, engines and their  parts. Today, we have
come to realize that the quality of work, too, can be controlled,
and so QC is now used in the fields of management, sales, and
service.

Even in the most ultramodern highly-mechanized works,
people are needed to design, manufacture and sell products
that customers require. That is why people are one of the key
factors in planning and execution of a TQC Movement. In
Ishikawajima-Harima Heavy Industries Co., Ltd. (IHI) there is
a policy to constantly improve the quality of products and
services, but that is not all. Most of all, TQC activities are
aimed at helping the people who play the most fundamental
roles in the company’s business.
1.1 History of Small Group Activity in Japan

In Japan, organized activities by groups formed in work-
places are being used more and more to control work and bring
improvements. These groups have many different names:
“Quality Control Circles” (QCCS), “Zero Defect Movement;’
“Self-Control Activities;’ “Thinking Group Activities;’
“Shop Group Activities.” Whatever their particular names,
what they do is basically the same.

The activities of this sort now taking place in Japan fall into
two broad categories. The first includes the activities of Qual-
ity Control Circles (QCCS), and the second is the Zero Defect
(ZD) Movement introduced from the United States. Most Japa-
nese group activities are the result of the introduction and
development of one or the other of these two types of program.’
IZD was based on the idea that prescribed quality for a product could only be en
with no mistakes or deviations.
After the World War II, statistical methods for quality con-
trol were introduced to Japan mainly from the U.S.A. In 1950,
Dr. W. E. Deming started seminars for Statistical Quality Con-
trol (SQC) which used check sheets, random sampling, experi-
mental planning, etc. and in 1951, the Deming Prize and the
Deming Application Prize were established. These Prizes
stimulated many Japanese managers and engineers to promote
SQC and, as a result, provide great benefits to industry in the
form of increased profits.

In 1954, Dr. J. M. Juran, a managerial consultant in the
U. S.A., came to Japan and emphasized to many groups of
Japanese managers and engineers that quality control was an
integral part of management, and that it had to be practiced in
the total context of improvement management. His influence
contributed to the emergence of a wider concept of quality
control.

In April 1962, the first issue of Quality Control for Foreman
(Genba to QC) was published by the Union of Japanese Scien-
tists and Engineers (JUSE) for the purpose of instructing and
enlightening first-line supervisors in the techniques of quality
control. The idea of promoting quality control more closely
linked to the needs of the shop floor, led to the formation of
groups for studying the magazine together. These study groups
were called Quality Control Circles (QCCS).

Later, companywide efforts were made to promote QCCS
and firmly entrench them in shop-floor practice. These efforts
resulted in QC activities which adapted very well with shop
floor customs and practices, and produced the extremely effec-
tive QC system seen in Japan today. This QC system, because
of its pervasiveness is TQC.

As TQC has come to affect everyone in the company, from the
man on the shop floor to business managers and executives,
some people use the term Company-Wide Quality Control.
sured by performing each of the operations constituting the manufacturing process



1.2 History of TQC in IHI

In IHI, quality circle activities were introduced, step by step
during a period of some ten years, by a company-wide quality
control movement involving all of the company’s plants which
produce industrial, marine, and aviation equipment and
machinery. The movement has slowly, but steadily, achieved
tangible improvements toward targets that were set.

Each IHI plant implemented this movement in a way which
most suited its particular circumstances as indicated in Figure
1-1 which shows how each plant designated its TQC movement.
Targets and slogans were inspired by common principles. On
the other hand, the variety found in their designations attests to
the wide range of backgrounds on which the TQC movement
was successfully implemented.

In IHI, one of the first formal steps toward QC implementa-
tion was the ZD movement which took the form of an orga-
nized suggestion system enlisting the participation of all
employees who were enrolled in small groups in shops and
offices. Targets were set for systematic elimination of hazards
and defects from work environments, products, and services.
Enhanced safety, manifested by fewer accidents, freed workers
from fear and management from disbursement of expenses
related to accidents. Safety in work is a target that none oppose
and does not fail to win the support and backing of both man-
agement and labor.

After some time, when all personnel came to participate in
the safety movement, IHI’s shipyard management shifted the
target of the movement to enhancement of productivity. At
first, however, movement activities were not based on scien-
tific approaches and principles.

From 1978 to 1979, many employees of various organiza-
tions, such as design, production, production control, and
administration, were assigned to take part in seminars on qual-
ity control organized by the Union of Japanese Scientists &
Engineers (JUSE). This marked the starting point in IHI’s
shipyards for properly organized quality control promotion
which ultimately led to the present TQC movement.
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DESIGNATION
WORKS OF INTENT OF SLOGAN

MOVEMENT DESIGNATION

TOKYO SHIPYARD THINK AND ACT FOREWARDNESS,
TOKYO TURBO- TAT FOR TOMORROW CONFIDENCE, CREATION
MACHINERY WORKS

TANASHI HUMAN RELATIONS BASED ON
AEROENGINE PLANT MUTUAL RELIANCE

SHINRAI RELIANCE SMILING FACES AT WORK;
MIZUHO FAULT-FREE JOBS DONE;
AEROENGINE PLANT SATISFIED CUSTOMERS

YOKOHAMA
NUCLEAR & CHEMICAL SHOSHUDAN

SMALL GROUP
ACTIVITIES BID TO TWO-FOLD EFFICIENCY

COMPONENT WORKS

YOKOHAMA CP CHALLENGE TO
MACHINERY WORKS PERFECTION CHALLENGE TO PERFECTION

ANZEN (SAFE) TO ACT FORWARDLY AS AN

AICHI MARINE INDIVIDUAL

STRUCTURE & 3A
AKARUI TO BUILD MUTUAL-CONFIDENCE

MODULE WORKS
(ENLIGHTENED) BETWEEN MEMBERS

TO DISPLAY LEADERSHIP IN
AICHI WORKS ORGANIZATION

AIOI SHIPYARD
TOTAL TO BUILDUP A STRONG WORKS

AIOI DIESEL
ENGINE WORKS TQC QUALITY TO WIN IN THE WORLD-WIDE

CONTROL COMPETITION WITH OTHER
AIOI BOILER ENTERPRISES
WORKS

ZERO ACCIDENT TO PERFORM PERFECT
KURE SHIPYARD 3Z ZERO DEFFECT ENGINEERING

ZERO LOSS TO REFINE NECESSARY
TECHNIQUES

KURE AERO-
ENGINE & TO BUILD A HAPPY AND BRIGHT
TURBO ZA ZERO ANOMALY WORKSHOP
MACHINERY TO DO ZERO-ANOMALY JOB
PLANT

KURE SHINGU
STEEL
STRUCTURE SC SELF CONTROL

FORWARDNESS CONTROL AND
APPLICATION OF QC TECHNIQUES

WORKS

2,300 QC circles
17,300 QC circle members
100,000 suggestions submitted every year

FIGURE 1-1: Different Movements Adopted for QC Promotion in Various IHI Plants and Works.
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2.0 CONCEPT OF TQC MOVEMENT

2.1 TQC Movement

Total in the term Total Quality Control (TQC) means com-
pany-wide participation in the movement from top manage-
ment to all employees. TQC also signifies all-encompassing
application to all products, including interim products and all
matters such as safety, quality, productivity, costs, and sales.
TQC also includes broad quality of services, information,
processes, workers, management, systems, the company, etc.

There are two basic TQC goals:

● Improvement of Company Structure

  Growth in Employee Vitality
2.1.1 Improvement of Company Structure

The first principle for improvement is providing the products
that customers want.

It is important for a company to know exactly what cus-
tomers want. Even if it is difficult for all employees to know
this directly, customers’ requirements should become evident
as work leaves preparatory stages and comes into the working
spheres of people downstream. From management to after
sales service, it is everyone’s job to “build in” quality stage
by stage.

Safety is particularly important. The loss of life is to be
prevented because of the grief caused. Secondly, it leads to
payment of large sums in compensation for damages and could
ruin a company’s reputation, even putting its very existence in
jeopardy.

For products to be safe, inexpensive and of high quality,
every worker must imagine that the process being carried out,
is the last in the production line before delivery to a customer
instead of to a worker at the next stage. Not only machine
operators, but offi ce workers and engineers as well, must
adopt the same attitude with respect to their work. This implies
that:

At every level, people must have a clear understanding of
the meaning and importance of quality control, have a
concrete idea about what quality means in their particular
scope of work, participate in ensuring required quality,
and bear responsibilities involved in their assigned work.

They must give the highest priority to quality when per-
forming their work, without neglecting other factors, such
as cost and scheduled delivery dates.

They must also apply every possible effort to use and
apply control techniques that promise to lead to further
improvements.
The second principle is expanding participation in
management.

Most people tend to think of management as the work of the
company president and a few upper-level executives, i.e.,
something that has nothing to do with ordinary employees.

Each company has, or should have, a basic management
policy which is used to determine specific directions that it will
take in business affairs. Such policy has ramifications at all
levels, e.g., works, departments, shops, and individuals. In
the course of a company policy being broken down and applied
as specific decisions, people cooperate with each other, per-
suade each other, and make decisions by common consent
before the policy is implemented on the production floor. Peo-
ple who take part in this process are participating in manage-
ment! There are certain aspects that make TQC effective:

●

●

●

●

Understanding and implementing management policy
As implementation of company policy gets increasingly
specific, individuals and groups have to have an adequate
understanding of the policies and goals of at least their
immediate superiors. On this basis, they will have a grasp
of targets and work to meet them.

Sharing roles.
To make a product, work must be divided. Only through
the division of work and its responsible execution by each
individual can the company operate smoothly.

Uniting for strength.
If you bind three arrows together, they cannot be easily
broken. It is important that members of groups and orga-
nizations unite their strengths for a common target, whale
simultaneously using their individual abilities to the max-
imum extent.

Encouraging efficient work.- .-
The three basic factors in company activities are people,
things and money. But how to use things and money eco-
nomically and effectively to enable a company to make a
profit, is something that each worker should think about as
work is performed.
2.1.2 Growth in Employee Vitality

The roots on which a company can grow and fulfill its social
responsibility lie in the people that work for it. That is why we
often say, “A company is its people.” The most basic need of a
company is to have employees who are active, who constantly
find a purpose in life and, concurrently, in their jobs.



2.2 Quality Control Circle Activities

QC is a system for producing, at minimum cost, products of
quality that satisfy the clients’ demands or needs. QC is what is
known as “Statistical Quality Control” for the statistical
approach adopted in its implementation. (The above definition
is cited from the Japan Industrial Standard JIS Z 8101)

A QC circle (QCC) is a small group that autonomously
performs QC activities to cover the production operations of
the shop or office to which the group belongs.

This small group, with the active participation of all mem-
bers, undertakes on a sustained and uninterrupted basis, and as
a part of company-wide QC activities, autonomously initiated
and mutually incited development of QC techniques, their
implementation and improvement. (Cited from General Princi-
ples of the QC Circle published by the Union of Japanese
Scientists and Engineers)

The basic concept of QCC activities, implemented as a com-
pany-wide movement, aims to:

. contribute to strengthening the ties between constituents
(employees) of the company and, thereby, to further devel-
opment of the company,

● to create working environments wherein each worker is
accorded a due share of respect, and

● to draw out the potential capabilities that may lie dormant
in employees to let them display their abilities to the full-
est extent (Cited from General Principles for QC Circles
Published by the Union of Japanese Scientists and
Engineers).

The basic procedure for maintaining and continuously
enhancing QCC activity is what is known as Deming’s Control
Circle; Plan, Do, Check and Action (PDCA).
As people’s faces are different, so are their characters. While
their feelings and behavior have certain points in common, they
have different personalities that can be exchanged with nobody
and, without which, there would be nobody. Respect for others
comes from understanding people, knowing what tickles and
inspires them effectively. When people are treated with
respect, and when motivated to act as individuals to the maxi-
mum extent, an animated workplace is created.

What is important for an employee is that the company is
assured of a healthy profit, that it provides a place to work in
security and health, and that it should allow untrammeled
development of each individual’s potential. Such circum-
tances, however, are dependent on many factors including the
work of the employees themselves. What is important is that
individual employees contribute to creating such circum-
stances. There is no limit to the creative work that can be
undertaken, and hence no limit to the target one can find in
life.

A workplace, where these principles of human behavior are
understood, where constant orientation and encouragement are
provided, and where an orderly and stimulating environment
prevails, is a workplace that accords to people all the respect
they deserve. Objectives include:

● Developing Personal Ability — The TQC Movement
includes attempts by individuals to exploit all their abili-
ties to the fullest, by groups through mutual encourage-
ment, to develop and express hidden abilities.

. Fostering Free Expression — This means making the
workplace a forum where constructive opinions are freely
expressed and where individual abilities are fully brought
out. Fostering an atmosphere of free and frank expression
is an important job of leaders and supervisors.

A person convinced of the purpose of what is being done,
will do it willingly. Participation in determining directions and
goals fosters a willingness to perform work.

Self-management means developing one’s personality so as
to be able to regulate one’s attitudes and behavior purposefully,
and it means doing one’s job efficiently, whether or not, one is
being closely directed or watched. It means using one’s abili-
ties unsparingly.

Thus basic goals of the TQC movement are:

. providing the products customers want,

. expanding participation in management,

● respecting people as people, and

. developing self-management.
2.2.1 Constituting the QC Circle

QCCS are highly dependent upon a modem product organi-
zation which features groups of workers organized along prod-
uct lines, i.e., in production lines which match product catego-
ries and which are subdivided into distinct work stages.
Shipbuilders in Japan adopted a product work breakdown in
the early 1960s. As described in this publication, the effective-
ness of QCCS in IHI’s shipyards was greatly enhanced by the
product-oriented worker groups that were formed as a result of
the change to product organization. The identification of a
QCC with a specific product (interim product) line and the
responsibility of a group for a specific work process gives
QCCS a depth and dimension unobtainable in a shipyard which
is organized by traditional functional systems.

QCCS are, in principle, constituted of people who work in
the same workplace. The best size for a circle to be able to
function as a unit is between five and ten members, and cer-
tainly not more than fifteen.



In Japan, the smallest organizational units in a company are
usually the work teams that are natural in a product work
breakdown. Thus, the most common practice is to constitute
group activities by units of such work teams.

Lately, more than one group has worked together (multi-
group activities) when the subject being studied involved proc-
esses upstream and downstream in a production line. In time,
the formation of project groups composed of all the people
involved in related work across the organization is likely to
occur.
2.2.2 Selecting the Leader

As soon as a group is formed, a leader must be chosen.
Group activities are pursued free from outside intervention,
and how the group is run is left entirely to the collective will of
the members. The activities of a group will then be strongly
influenced by its leader’s talent.

The leader can be chosen in one of the following ways:

●

●

●

When a group is newly formed, a workshop supervisor
such as a foreman or assistant foreman serves as a leader.

As a group’s activities advance and get more specific, the
senior worker could become the leader.

As a group matures, a leader might be elected by its
members.

2.2
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2.2..3 The Leaders Role

The leader must unite the group by always considering mat-
ters from the standpoint of the whole group. This means:

●

●

●

Trying to build good interpersonal relations among the
members of the group. The members must be on good
terms with each other.

Encouraging everyone to participate in group activities, to
speak out during meetings, and to take a specific role in
the group.

Insuring that all members cooperate.

The group must properly orient itself. Its purpose is not
merely to fraternize. It must pick out specific problems affect-
ing the workplace, and try to solve them. For this, the leader
must:

• Pick out problems for study as group topics and set forth
clear goals.

● Plan the steps toward problem solution.

● Let all members know the goals and substance of the
planned activities and have members assume roles suited
to their abilities.

● Afterwards, have all members reflect on and evaluate
results obtained.
The key to getting together and to orienting a group’s aspira-
tion toward a common goal lies in communication.

●

●

The leader must serve as intermediary in communicating
to group members the principles and goals held by superi-
ors and must also keep superiors current about group
activities.

The leader must see that there is good exchange of infor-
mation between group members. 

Groups must develop techniques and skills for problem-solv-
ing. After goals are defined and the roles of individual mem-
bers are assigned, it remains to define means to be adopted by
the group for attaining the targets and to identify the technique
to be applied by each member.

● The leader must learn how the work is organized, and
acquire relevant knowledge.

. The leader must learn the skills necessary to do the work.

● The leader must master practical techniques for problem-
solving, i.e., the seven standard tools for quality control
as introduced in Parts 2.3.2 through 2.3.10.

Coordination with the administrative system and with other
groups is required. To solve problems in the workplace, certain
matters must be discussed and arranged with those higher up in
the hierarchy or with associated staff personnel. Problems are
sure to arise on such aspects as inspection and intertfacing with
other groups in the same or other shops. Such coordination is
another of the leader’s important functions.
.4 Setting Targets

Setting targets is the starting point for group activities. The
propriateness of goals chosen will determine the vitality of
oup activities. Non-intervention in group activities is
sured, but the group is not there to play games. Goals must
 selected that should lead to improvements in work being
ne on the shop floor. Goals should be practical.

At the same time, a group should be allowed to choose goals
at permit both the group and its members to improve. For
ing this, managers and foremen should help by suggesting
als that conform with higher level targets.

Basically, the targets for group activities should be selected
m familiar day-to-day shop-floor level problems in which all

embers have interest.



2.2.5 Implementation Plans

The implementation plan should be as specific as possible
and cover such items as:

●

●

●

●

●

●

assignment of roles to members,

time schedule for implementation,

methods and techniques to be used,

points on which to focus efforts,

check-list of items required to be verified, and

mode of holding meetings.

Once the implementation plan is in final form, a program
containing requisite information must be drawn up and, after
details are discussed with the group’s superiors, submitted to
the proper shop/section. A schedule for implementing a plan is
shown in Figure 2-1.

2.2.6 Deriving Achievement Records; Reporting Results

In principle, achievement records of a group’s activities are
derived by the group leader. Their assessment is largely deter-
mined by evaluation criteria. What is important is to keep
group members informed of how the group stands regarding
performance. Thus, data and performance records are entered
in check sheets kept individually for different items so that
each member can assume responsibility and participate in
checking data.

A group leader should inform members of interim and final
results achieved by the group’s activities, and submit written
reports to superiors containing the substance of discussions
and decisions made during group meetings.
Problems are either explicit or implicit. Explicit problems
should be tackled first. They are the easiest to recognize by
everyone in the group. As such problems are solved, the group
should seek and pinpoint implicit problems. Finding hidden
problems contributes decisively to the vitality of group activi-
ties. Addressing implicit problems requires:

Looking into every comer of the shop floor for wasteful,
rash, or inconsistent practices.

Getting together to seek better ways of doing day-to-day
routine work.

Scrutinizing problem areas and finding solutions that
would permit achievement of the objectives set by
superiors.

Dividing difficult problems. Certain problems may appear
too difficult for the group alone to solve. If the nut looks
too hard to crack at one bite, it can be attacked bit by bit.
Each problem can be divided into smaller problems which
should be resolved one by one.

Certain considerations for setting a quantitative target are:

●

●

●

●

●

●

A target should be set high in order to challenge a group’s
problem-solving ingenuity, improve work performance,
and contribute to enhancing the capabilities of group
members.

A target set high yields more satisfaction to the members
upon its attainment. Sometimes this instills confidence
with which to attack higher targets.

A target must be within reach of the best efforts of mem-
bers and should tax their ingenuity to the limit.

A target must be set taking into account that a group’s
capability constantly improves as it gains experience in
problem solving.

If a goal considered by the group is worth trying at all
costs but appears to be too high to reach in one step, it
should be broken down into several steps and challenged
step by step.

Discussing a proposed target with all group members.

Assessing a group’s present capability from past data,
i.e., both capabilities in problem solving and capabilities
to perform work. When past data are not available, data
should be collected over one or more months of trial.

If trial data collection is not practicable, a figure should be
adopted representing present group capability or a value
from a comparable group in the same line of work should
be used.

A target should be based
group could do with its
added as a challenge.

on an estimate of how much a
best efforts with a little extra
Evaluation of the results achieved is made by combining:

● time (number of days, weeks, months taken for the activi-
ties), and

● achievement (total average, percentage of target value
cumulative achievement, achievement by category of
product).

Criteria should be chosen that provides:

●

●

●

a true representation of the capabilities displayed with
reliable records of performance data,

no ambiguity in the calculations adopted in deriving the
achievement values,

intervals between measurements that are not excessive,

●

and

a reflection of the degree of effort exerted by the group.



Activity time schedule (Dotted lines: Projected. Solid lines: Actual record)

Step Feb Mar Apr May
Oct

Ott Nov Dec

Definition of goals - - - - -

Analysis of present - - - -
status
Analysis of causes - - - - -
and factors
PIanning measures - - - - - b

to be taken

Implementation

Examining the results - - - -
obtained
lasting remedial
measures

FIGURE 2-1: A Schedule for Implementing a Group’s Plan.

t

2.2.7 SelfAssessment of Group Activities

Once a group’s target has been achieved, the group applies
for an award. But before applying, group members retrace
their steps to reflect on how group activities went off. This is a
critical self assessment of the results obtained. This review
procedure lends impetus to the group’s next efforts. A group’s
activities must continue, and by no means come to an end upon
achieving one particular target. The next target, and the target
after, must be successfully attacked, and to do so, it is essential
for the group members to reflect on how far they were able to
come, and on how they might have done better.

The items to be reviewed in a self-assessment procedure
include:

● How targets were chosen

- Were they chosen with a clear idea of how they stood in
relation to the company policy upheld in the workplace,
and/or how they pinpointed problems of the workplace?

- Were they chosen based on a thorough survey (da
collection), and on a good grasp by all group members
of prevailing problems?
- Were target-related suggestions actively put forth by
members?

- Was ample use made of the techniques and methods
available for attaining targets?

- Were there appropriate consultations and cooperation
with groups situated upstream and downstream in the
process flow?

● Results

a 

Does it seem that knowledge, skills and technical level
were enhanced as a result of the group’s activities?

Has group teamwork improved?

Were there improvements in efficiency, quality, and
safety?

Have regulations and standards been established as nec-
essary to give lasting effects on measures devised and
applied in the course of group activities?



EXCELLENCE GOOD EFFORT

GOAL ACHIEVEMENT SCORE SHEET

T O Y

CRITERIA DESCRIPTIONS

(1) Was there a clear correlation between the target 20
1. How the target adopted and the directives from superiors?

was chosen (2) Was it chosen by the group on its own judgement?
(appropri- (3) Did it positively benefit the group?
ateness) (4) Did the group have a clean grip of the situation

before group action? Was the plan drafted appropriate for
20 points achieving the goal? 5

40

2. How the action (1) Were the steps “Plan-Do-Check-Act” taken in correct manner?

was implemented (2) Was action implemented in united effort by the group and

(difficulties in the right direction?

encountered) (3) Was the action implemented according to plan?
(4) Were the group’s ideas creative?

40 points (5) Were meetings actively and frequently held (other than
regular meeting days, for example)?

(6) Was appropriate action taken to enlist outside help
whenever this was called for? 20

(7) Were QC techniques appropriately applied for the action?
(8) Were suitable steps taken to solve problems that

arose in the course of implementation?

5

3. How much of the
20

target was (1) Was the target attained to 100%?

achieved (2) D1d the group feel a high sense of achievement?

(achieved degree) (3) Were the results assessed in monetary terms?
(4) Has the result contributed to promoting the

20 points directives of superiors?
5

(1) Were regulations and standards, as necessary, to give
4. Lasting

20

lasting effect to the measures devised and applied
measures in the course of group action?
adopted (2) Have the results of the lasting measures been
(regularization) evaluated? (prevention of recurrence)

(3) Was an effort made to establish similar standards
20 points and regulation in work where a similar situation prevailed? 5

(4) Were improvements fully explained to the group members?

Note: To qualify for “Excellence” and “Good;’ positive points must be scored
for the items number (1) on all the criteria 1 to 4.

FIGURE 2-2: Goal Achievement Score Sheet Used in IHI’s Aioi Shipyard.
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2.3 Scientific Approaches

2.3.1 The Deming Control Circle

Usually when we do something, we begin by planning to
achieve our goals. Then, following this plan we execute what
we intended to do, and later check the results. If the results do
not accord with the plan we take necessmy action. We modify
the way we execute the plan or, if the plan lacked something,
we modify the plan. This process can be viewed as a cycle,
shown diagrammatically in Figure 2-3.

There are four steps in the cycle, i.e., planning, doing,
checking and action — which is called the Deming control
circle. It is very important in quality control group activities to
follow these four steps in the sequence given.

2.3.2 The Seven Standard Tools for Quality Control’

Quality control is based on three representative elements:

• relying on objective data,

• effectively and extensively using statistical techniques to
correctly gather and judge data, and

● emphasis on diagnosis rather than on therapy.

The elementary statistical methods known as the seven
standard tools for quality control are used by everyone from
top management to field workers, and it is said that 95 percent
of the problems arising in an enterprise can be solved by using
them.

2.3.3 Pareto Diagrams (Tool 1)

The Pareto diagram is a technique invented by Wilfredo
Pareto, an Italian economist, to pinpoint the relative impor-
tance of different aspects of a problem.

It may be quite easy for us to list the kinds of defects that are
currently encountered, but are we able to say offhand what
specific kinds of defects occur in what percentage and/or in
what order of importance? Pareto diagrams answer these
questions.

In the case of pipe leaks, illustrated in Figure 2-4, resolution
of the two most frequent defects, “loose bolting” and “pack-
ing left out," would prevent 70% of all leaks.

Per the Pareto principle, among an infinite number of con-
ceivable causes of defects, only a very limited number will
actually exert a major influence. Nearly always two or three
causes together account for 70-90% of all defects or problems.
Obviously, factors that exert a major influence should be tar-
geted. A group must work first on the tallest bar in a Pareto
diagram.

The PDCA Control Cycle

cACTION

CHECK 3PLAN

DO

FIGURE 2-3: The PDCA Control Cycle

Pareto diagram

No. of ((Example of pipe leakage)
cases 0

4 o
I r

60

30 F 40

20

FIGURE 2-4: Pareto diagram applied to illustrate the relative importance
of different leak causes in piping.

 For a more comprehensive discussion of the seven standard tools for quality control, in English, see “Guide to Quality Control” by Dr. Kaoru Ishikawa, Asian
Productivity Organization, Aoyama Dai-ichi Mansions, 4-14 Akasaka 8-chome, Minato-ku, Tokyo 107, Japan, Second Revised Edition 1982 (ISBN-92-833-1036-5).
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2.3.4 Characteristic-Factor Diagrams (Tool 2)

Scoring a group’s work depends on a combination of many
independent factors and conditions, any one of which could
detract from the overall value of the work. It is, therefore,
important to analyze work systematically to find out which of
the conditions were behind the result obtained, how they
affected the score, and which provided the most telling effect
on results (product characteristics) obtained.

How these factors affect work evaluation is shown schemati-
cally by Characteristic-Factor Diagrams (also called Fishbone
or Ishikawa Diagrams), see Figure 2-5. The resulting product
characteristic is what is indicated on the tight-hand side (cor-
responding to the head of the fish), while the “fishbones”
represent the various factors that influence results. These fac-
tors can be divided into four basic categories:

● Materials

. Machines

● People

● Methods

w
t

skills Knowledge

FIGURE 2-5: Characteristic-Factor Diagram showing problems which lead to inef

12
Stratification means dividing data into groups according to
ommon characteristics, Divisions can be made according to
otential causes or sources of defects, such as, by material, by
ype of product, by period of occurrence, by work team, by
ndividual operator, by machine, and by lot. Such stratification
acilitates pinpointing the cause of a defect or other problem
nd devising remedial measures.

Data stratification is indispensable for proper utilization of
areto diagrams, histograms, and control diagrams.

Figure 2-6 gives an example of histograms representing the
inished dimensions of a product. Stratifying by machines into
hree separate histograms, representing machines A, B, and C,
learly reveals that the defects are all found in components
roduced by Machine C.

.3.6 Check Sheets (Tool 4)

An effort must be made to devise a method of recording that
akes it easy both to record and to retrieve data. One way is to
repare a check sheet in which simply filling in appropriate
paces is all that is required. Check sheets for a record of
orkmanship and for key inspection items to be checked off in

he course of work are shown in Figure 2-7.
Procedure

ficiency.
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2.3.7 Histograms (Tool 5)

Histograms, also called bar graphs, show the degrees of
deviation of measured data. Often judgments are made of
quality or workmanship based on averages of values obtained
from the results. But simply comparing average values can be
misleadhg. Account must also be taken of deviations from
average.

A frequency table is used to quantify the deviations. A histo-
gram is a frequency table redrawn in graphic form to make it
easier to read; see Figure 2-8. Thus the purpose of a histogram
is to:

. make the extent of data deviation visible at a glance,

. compare the average value and extent of deviation between
two or more groups of stratified data, and

 make comparisons with reference values.

2.3.9 Process Control Charts (Tool 7

A process control chart is a tool for checking whether or not
a manufacturing process is characterized by only random vari-
ation of a stable process. It is a means of detecting any fault
which could cause a process to go out of control.

Control diagrams resemble graphs, but differ in that hori-
zontal lines representing control thresholds are drawn in above
and below the-median fine. These thresholds, and the median
line are derived by calculation from data obtained in actual
operation. Daily data are plotted on a control diagram. A plot
falling outside the threshold lines indicates a probable abnor-
reality.
2.3.8 Scatter Diagrams (Tool 6)

Part 2.3.4. describes how to isolate factors likely to affect
workmanship and to represent the resulting qualitative analysis
on a characteristic-factor diagram.

A scatter diagram, another statistical technique, helps to
determine the quantitative relation between the factors and
characteristics, and find out whether or not a change brought to
a factor will exert any influence on the product characteristics,
and if it does, to what extent.
Frequency distribution table

1
2
3
4
5
6
7
8
9

10
—

259.5-272.5
272.5-275.5
275.5-278.5
278.5-281.5
281.5-284.5
284.5-287.5
287.5-290.5
290.5-293.5
293.5-296.5
296.5-299.5

Tots 1 or
Average 1

1 1.25
3 3.75

6 7.50

122 15.00

21 25.25

19 23.75

12 15.00

3 3.75

2 2.50

1 1.25

80 100.00

1.25
5.00

12.50
27.50
53.75
77.50
92.50
96.25
98.75

100.00

FIGURE 2-8: Relationship of a frequency distribution table to a histogram.
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Pareto diagrams and histograms are techniques for analyzing
one series of data. Scatter diagrams permit examining the
quantitative relationships existing between the factors and the
resulting characteristics, between characteristics and other
characteristics, and between factors and other factors, to help
in finding solutions to problems and in devising improvements.

Take, for instance, the relationship between the height and
the weight of people. Viewed at random, there are heavy peo-
ple and there are light people, but correlated with height
heavier people are on the whole taller than the lighter ones. In
other words, there is a correlation between height and weight.
That is why the scatter diagram is sometimes also called a
correlation diagrarn. See Figure 2-9.
Histogram



POSITIVE CORRELATION NEGATIVE CORRELATION NO CORRELATION

FIGURE 2-9: Correlation in scatter diagrams. When drawing a scatter diagram appropriate stratification of the data is essential, or else the result can
be found meaningless.

In the past, judgments of this sort were made on the basis of
experience or intuition. Use of control charts provide a firm
basis with which to make better judgments based on analyti-
cally derived knowledge. See Figure 2-10.

2.3.10 Review of the Seven Standard Tools for Quality Control

At the stage of defining the problem, questions asked are:

● What is the problem? (Pareto diagram)

 What has the situation been so far? (histogram, check
sheet, scatter diagram, process control chart)

 What is the relation between cause and effect? (character-
istic factor diagram)

At the analysis stage, questions asked are:

●

●

●

What does stratification show? (histogram, process con-
trol chart, scatter diagram)

What are the correlations between factors? (scatter dia-
gram, process control chart)

What are variations with time? (process control chart,
check sheet)

At the stage of determining the effectiveness of countermea-
sures, the question asked is:

● Have the countermeasures been effective? (process con-
trol chart, check sheet, Pareto diagram)

At the final stage of having established lasting remedial mea-
sures of standardization and control, the question asked is:

● Has the process stabilized? (process control chart, check
sheet)

See Figure 2-11.

FIGURE 2-10: Control charts aid in making better decisions for improving
quality and productivity.



FIGURE 2-11: Use of tfre Seven Standard Tools for Quality Control.
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4 Group Meetings

2.4.1 Why Have Group Meetings?

Holding meetings is a very important part of a total quality
control movement. Meetings provide occasions for people to
talk to each other about what they think of the TQC movement,
progress made so far, and ideas for how they should proceed.

2.4.2 Preparing for Meetings

One hour meetings should be conducted twice per month
where participants would not be disturbed. Approximately one
half of each meeting should be devoted to safety and health
matters with the remaining time devoted to quality and produc-
tivity. The timing of meetings should be chosen so as to let all
members attend with minimal interference with their conduct
of work. The meeting program should be planned with time
scheduled for each discussion topic so that maximum coverage
can be ensured in minimum time.

Working documents necessary for conducting discussions
should be distributed beforehand in order to let participants
familiarize themselves with the points at issue. Such materials
might include:

. tables and graphs showing progress to date,

 characteristic-factor, Pareto diagrams, etc., and

● minutes of previous meeting.

Depending on the discussion topic, there should be on hand
blackboards, pin-up boards, memo sheets, chalk, felt
markers, etc.
2.4.3 Kinds of Meetings

Meeting can be held for any of the following three basically
different purposes:

● for reporting and for transmitting information,

. for discussing a problem, and

● for imparting instructions with an educational objective.

Of the different meeting patterns described below, the one
best suited to the particular purpose should be adopted:

● The most regular pattern is characterized by:

- a small number of participants seated face to face,

- speaking out at random, and

- an experienced moderator guiding the discussion.
1

●

●

●

Panel discussions feature all participants discussing at
random. Discussion is limited in the first period to panel
members, who freely exchange in depth views of the sub-
ject being treated. The discussion is later opened to the
floor for comments or questions. Panel discussions are
characterized by:

 a large number of participants with panel members first
having a discussion among themselves, and afterwards

a general discussion in which other members
participate.

Group discussions are characterized by:

participants being divided beforehand into several
groups, each group with its designated sub-leader,

a session beginning with all members participating in
group discussion and led by a moderator, who ends the
discussion when its benefits are exhausted,

the session is then broken up into the previously desig-
nated groups and discussions are separately continued,
and

the session closes with a second full-group meeting, this
time taking the form of a panel discussion in which only
the group sub-leaders take part.

Brainstorming sessions are used for unearthing the roots
of a problem or for deriving original ideas For needed
improvements. During a brainstorming session:

expression is free and unstructured,

participants may not criticize other people’s opinions,

participants are encouraged to build on other people’s
ideas in formulating their own, and

the aim is to generate the maximum volume of ideas in
minimum time.
2.4.4 Posing Questions at Meetings

Moderator’s questions are important for conducting a meet-
ing. Skill in posing them can make the difference between a
successful and an unsuccessful meeting. There are ways of
posing a question:

● General questions (Does anyone have a question?)

After an opening explanation on the topic or the prob- 
lem being treated, the question is directed at the whole
group.

This draws the attention of the group, incites the mem-
bers to think, and creates an atmosphere where everyone
feels free to speak out their views.
7



2.5.2 Getting a Suggestion Accepted

Factors which lead to acceptable suggestions are:

Problems, ideas, and improvements are things that will
come to mind if one makes a point of keeping constantly
alert for them.

When something wrong is noted, or a bright idea comes to
mind, jot it down right away.

Put down specific facts; leave out emotion.
●

●

●

Directed questions (A, what do you think?)

 After a general question, the question is directed to
someone-who is versed in the question; this also serves
to leave other people with some time to reflect.

 Then the moderator can call on other people by name.
This could provide an occasion to urge those who are
not speaking out to give their views.

Relay questions (B, what is your reaction to A’s
statement?)

- The moderator would summarize the first speaker’s
view and call on another participant for his reaction.

- Such relay questions have the effect of stimulating the
other participants.

Indirect questions (What does the group think about what
A and B said?)

- A questions raised is thrown at the group as a whole.

- The moderator, instead of answering a question directed
to him, lets the group think of the answer as a general
question.
2.5 Improvement Suggestions Before proceeding, carefully consider whether or not the
group could solve the problem.

Wherever possible, formulate the suggestion in itemized
form: Who, what, where, when, why, how?

Try to put the point across clearly and concisely; no need
for fancy phrases and flourishes.

Remember, suggestions from individuals can usually be
improved through group discussion.

Accompany the suggestion with sketches and graphs
whenever possible and appropriate.

Study quality control techniques and other methods for
devising improvements.

When the suggestion calls for urgent action, make good
use of ways and means that permit quick solution of the
problem.

The superior receiving a suggestion must strictly refrain
from assuming a negative attitude.

What is most important is for everyone to get a clear
notion of the true intentions behind the suggestion.
2.5.1 Suggestions

Suggestions made by company employees have significance
in that they bear three important results:

● Employee suggestions borne of their creative efforts and
which contribute to the growth of the company and of the
works or shipyard can yield benefits by:

- eliminating accidents in work,

- reducing expenditures in materials, labor, and overhead,

- improving the working environment - equipment, facili-
ties, etc.,

- improving product quality,

improving shop and office work procedures; saving time
spent in work,

improving tooling and jigs, and

- economizing consumables, etc.
18
Suggestions from subordinates enable superiors to know
the problems confronting those who are under them and
the way they think of things. Those down the line of com-
mand, on their part, get the chance of increasing their
contacts with their superiors and of knowing them better.
In this way, communication improves within, and also
between, groups which contribute significantly to improv-
ing personnel relations.

Employee suggestions contribute to enhancing morale.
Presenting suggestions is participating in management. A
suggestion accepted will generate satisfaction in one who
has actually contributed to bettering the company. This
will further strengthen sense of participation.



2.5.3 Submitting a Suggestion

The initiator of a suggestion enters the necessary items on
the TQC Movement suggestion form (see Appendix A) and
presents it to his group leader. The group leader submits the
suggestion to the group for discussion and to gather further
ideas for its improvement. Then it is sent up through appropri-
ate company channels.

2.6 TQC Awards

2,6.1 Awards

The company hands out awards to groups that have achieved
their targets and to authors of outstanding suggestions with the
view of effectively promoting the company’s TQC Movement.

2.6.3 Awards for Outstanding Suggestions

Outstanding suggestions for improvement that qualify in
substance under the company rules, entitle the author(s) to
apply for an award in accordance with the award rules. Individ-
ual awards are made every month. A yearly award is accorded
on the basis of cumulative points. Awards are given in four
ranks, from A to D. Ranking is determined in conformity with
the rules of each shipyard or works.
2.6.2 Group Awards

To qualify for an award, a group normally must attain the
envisaged target through the joint efforts of its members. Also
the group must be considered able to maintain the target per-
formance as a result of the suggestion.

In special cases, even when the target has not been quite
met, if its effort or results are nonetheless outstanding, a supe-
rior may authorize the group leader to apply for an award.

Depending on achievement, awards are given in three ranks:

● Excellence

● Competence

● Effort.
When a group considers itself qualified for an award, it
submits through established channels a formal application
together with supporting documents as prescribed below:

● Application for award (including the implementation plan;
see Figure 2-l).

. Self-assessment table of activities drawn up by the group
(Goal Achievement Score Sheet; see Figure 2-2).

. Other relevant documents, e.g.:

- Account of how the target was set.

- Analysis of the previous situation and account of how
the problem was pinpointed and countermeasures
devised.

- Summary account of measured results, of standards
established, lasting remedial measures adopted.

- Suggestions made in relation to the target envisaged.

- Data and graphs: Characteristic-factor diagrams, Pareto
diagrams, etc.

The group’s achievement is assessed on the basis of the
criteria in the Goal Achievement Score Sheet.
19



3.0 APPLICATION OF TQC

3.1 Prerequisites for Application
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3.1.1 Requisites to Introduce TQC

TQC which came to Japan from the U. S. A., takes the view
that a client's requirement cannot be totally met by simply
applying TQC in the production line. It is essential to compre-
hend and digest the client’s needs and establish a comprehen-
sive and organized QC structure encompassing development,
engineering, production, sales and after sales services.

However, after its introduction to Japan, the above concept
has been gradually transformed to a Japanese style of TQC
which interprets total as a company-wide movement, and views
QC as an activity which requires involvement of all company
employees from top management to workers, and requires each
worker to be sensitive of quality and have it routinely incorpo-
rated in work.

As time passed, the concept of quality control changed from
the days when it simply sorted out good or defective quality
products through inspection after the fact, to Statistical Quality
Control (SQC) and, eventually, to TQC which expanded qual-
ity control from the production line to a company-wide total
QC activity, i.e., control before the fact. Further, the object of
quality is becoming not merely limited to the quality of prod-
ucts, but extended to the quality of operation and, eventually,
into company management and administration. Thus, TQC is
now becoming a tool for company management and control.

What does a business enterprise expect from TQC? Natu-
rally, the aims and expectation will differ depending upon a
company’s policy and environment, but could be summarized
as follows:

. To nurture the capability to diversify as necessary to meet
changing social demands.

● To establish a structure that can concentrate all company
resources, allow all company employees to participate in
management (QC activities), and establish a spirit of
mutual collaboration.
21
● To establish a quality assurance structure which gains the
reliance of customers.

● To improve the company’s make up to meet changes in
social demands and/or circumstances and maintain
profitability.

. To constitute a work environment which respects human
rights, fosters talent, provides happiness to all employees,
and brings vitality to work sites.

● To reform or reorganize everyone’s TQC consciousness,
etc.

Most compnies which were awarded the Deming Prize
hose improvement of the company's  make up as the first objec-
ve for breaking out of the stalemate of traditional methods.
econd priority was given to management (QC activities) par-
cipation by all employees.

They brought in TQC as an activator. In other words, the
nderlying conception was that, in order to join all company
sources together and to foster active and vital human groups,
 is essential to have all employees take a common scientific
pproach. TQC is the best means to satisfy this purpose.

The likelihood of success is rather high when top manage-
ent sets up clear objectives when introducing TQC and is
uch higher when the program is integrated with a long range
anagement plan.

Before proceeding, it is prudent to evaluate the need for
QC, its impact, organization, expense, advantages, disadvan-
ges, etc., by setting up an adhoc group. Once the evaluation
 concluded as positive, top management should announce a
lean-cut policy to implement TQC with all employees
articipating.

Other requisites include the establishment of an executive
ffice to promote TQC activity, and an organization to plan
nd prepare for systematic implementation.
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An easy way to bring in TQC is to start with statistical
control techniques. Many people think incorrectly that Quality
Control Circles (QCCS) have their origin in human develop-
ment studies. Instead, QCCS emerged from the introduction of
management innovations that are based on sound scientific
principles. The first, Group Technology, has led to product-
oriented organizations which, even for something as complex
as building ships, feature small groups of workers organized to
match stages in production lines.’

Experience with Statistical Control, the second innovation,
disclosed that when worker teams are provided with knowledge
indicating when their processes tend to behave abnormally,
they spontaneously respond with suggestions to restore nor-
malcy. The response capabilities, when supplemented with
training in analysis techniques, such as the seven tools for
quality control (Parts 2.3.2 through 2.3.10), become means for
constant improvements in work processes. Subsequently for-
malized, such small groups came to be known as QCCS.

QCC activity requires clear identification of its objective and
the best means to accomplish its objective. Accordingly, the
activity should be aimed at “problem-solving” rather than
“maintaining formality;’ and the procedure to implement such
activity is to break down the objectives and/or targets into
manageable steps and to setup appraisal indices and execution
plans for each step.

Before starting QCC activities, it is essential to provide edu-
cation in and discipline for the methodology to solve problems,
and to upgrade the capabilities of individuals.
t

3.1.2 Procedures to Induce QCC Activity

Although QCC activity is an autonomous function, each
QCC is made up of people who are engaged in regular jobs,
usually associated with a work station. Therefore, in promot-
ing QCC activity, it is essential to establish a basic policy and
procedures in order to achieve the best results. The following
are some basic procedures for promoting QCCS:

●

●

●

●

Above all, leadership by top management and an upsurge
of willingness of all employees is essential. Therefore, the
first step is to formally announce the implementation of
QCC by top management, and start education of man-
agers, supervisors, foremen and staffs, and to spread the
mood, company-wide, through publications and other
means from the executive office.

The next step is to establish an organization to prepare
promotion plans, guidance books for execution, etc.

Hold kick-off meetings to explain basic policies from top
management, and detail procedures from the executive
office.

Carry out educational programs for group leader candi-
dates, such as new concepts of quality control, manage-
ment methods, concept and technique of statistical
methods, etc.
1 "M0St Japanese. managers know that the establishment of Quality circles is not the firs

total commitment to product quaIity and productivity.” Dr. Y. Tsurumi, The Dial, Septe
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●

●

●

Organize groups by work stages. Usually, a group consists
of 5 to 6 persons led by an Assistant Foreman (AF), i.e.,
immediate supervisor.

Select appropriate themes. At start-up, select themes
which are easy to understand. First, take up problems
which can be handled under the leader’s responsibility
and/or authority, and then, gradually take up problems
that relate to the shop’s (or section’s) policy. Finally, when
all members get used to this activity, take up larger prob-
lems which could be divided and taken up by multiple
groups.

Collect and analyze all data and information pertinent to
the selected theme. Let the members get used to Pareto
diagrams, characteristic-factor diagrams, etc.

By following the above procedure, group members will
derstand the objectives of QCC activity, how they can partic-
te in achieving objectives, how they can relate their jobs

th objectives, etc., through mutual discussions and debates.
.1.3 Pre-Education Required in Introducing TQC

For managers and supervisors, the following education is
onsidered necessary:

Basic concept of management and statistical control.

The basic concept of quality control and how to assess
quality.

How to sort problems, how to seek solutions, and how to
apply solutions to improve work.

Reflection on what is small group activity.

The methodology of problem-solving, as described in Chap-
er 2.0, can be categorized by its objectives as follows:

 To “discover” problems:

Pareto Diagrams: Useful for identifying the various
causes of defects, and to determine the priority items to
improve.

Characteristic-Factor Diagrams: Useful for identifying
all problem factors, and to find the primary factors
which affect characteristics.

Histograms: Useful for investigating the distribution
pattern of data and to compare the data with the normal
distribution (usually, 30 to 100 data points are required).

Graphs: Useful for consolidating data, for comparison
with other such consolidations, e.g., actual work pro-
gress against scheduled work, comparison of progress
between work groups, etc.
t but the last step in buildlng a corporate system that Will Support a company's

mber, 1981.
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. To collect facts and/or determine targets:

- Pareto Diagrams: For determining priority items that
cause the most defects.

- Graphs: For tracking performance relative to targets for
improvement based on specific feature of the problem.

● To analyze the cause of deficiency and investigate its
solution:

- Control Charts: For identifying defects or irregularities,
points outside limit lines, tendencies, cyclical periods,
etc.

- Histograms: For investigating the statistical distribution
and/or the difference between the actual results and nor-
mal by types of machine, workers, raw materials, work
processes or methods, etc.

- Scatter Diagrams: For analyzing the relationship
between the causes and results by collecting and com-
paring the data of the above two factors (20 to 50 data
points are required).

- Check Sheets: For checking causes of problems or defi-
ciencies, and to transform them into graphs or charts.

- Graphs: For consolidating data. It is convenient to use
line graphs to see variation based on time, bar graphs
(or charts) to compare two or more data elements at one
time, and circle graphs to see percentage distribution.

The above are the most understandable and explicit visual
ethods used in QC, categorized by objectives. Good advice
r achieving effective QC is to make full use of simple meth-
s. Almost 95% of the problems that occur at a job site can be
lved by skillfully utilizing simple methods.

What is desired for a group leader is a person who has
undant experience, knowledge and wisdom of assigned
ork, and competency in leadership. The following are the
rsonality traits for a leader:

. A person who can represent the group

. A person who can act as a lead-off man

. A person who takes final responsibility

● A person who can coordinate and unify the group

● A person who can guide and educate his fellow members

Naturally, it is easier to operate a group which was organized
 match a work stage, and when the assistant foreman is
signed as its leader. The success of group activity is normally
pendent upon how well the group leader manifests
dership.
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Leadership is a human factor which has great influence and
persuasion on people of different opinions, regardless of age or
position. Therefore, a leader must have the capability to per-
suade and unify a group and, moreover, must display aggres-
siveness and humanity.

There are two important factors which confirm leadership:

. the degree of satisfaction a member feels toward the
group, and

● the degree of achievement relative to a target.

The former keeps the group together and causes it to operate
smoothly (people control). The latter motivates a group to
achieve a target (job control). Leadership combines these two
factors. Results are related to how the two factors are
combined.

As shipbuilding has become more scientific, worker philoso-
phy has changed. Effective organization of work through
Group Technology concepts and information of how work proc-
esses perform, such as made available by statistical control
tectilques, have made workers very aware that they too can
make meaningful contributions in what had been only manage-
ment’s area. Workers now expect to participate. In IHI ship-
yards, the era which was characterized by command has been
replaced by an era of encouraging meaningful worker partici-
pation, a more difficult leadership challenge.

Because the concept of leadership will vary depending upon
the character and talent of a person, the boundary circum-
stances, the characters of group members, etc., it is important
to let leaders determine what is needed for leadership, and for
each leader to apply self discipline to meet those needs.

Leadership can be fostered in many ways. The following are
some means:

●

●

●

A leader must have vision and opinion of what group
activity should be, and must convey them to group mem-
bers. Members will not follow if a leader lacks opinion.

A leader must take initiative as an example to others.

A leader must deal with matters wholeheartedlv. If the
members recognize that their leader is exerting best
efforts and sincerity in doing something, they will have
respect and follow accordingly.

Educating leader candidates in the objectives and the mean-
ing of QCC activity is essential. The following education is
needed:

● Methods of analysis.

● Human relations.
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Workers are the core of QCC activity. Therefore, the key to
success is to raise the workers’ awareness of quality control.
Before educating workers in QCC methods, they should:

●

●

●

●

●

●

recognize the part of the end product being made,

understand the entire flow of the work process,

be told what quality is required,

understand where and how their interim product is to be
used and its significance,

understand the need for a quality target, and the need to
reduce dispersion of product quality, and

be able to identify good and defective quality.

Workers can be educated in QCC activity in two ways. One
is to let group leaders educate group members. The other is to
encourage group members to read selected themes. The former
also educates the leader who must study and comprehend
before attempting to instruct group members.

Educating workers at their job sites, using actual data
obtained from the jobs and actually applying the various QC
methods is a very effective teaching approach.

The education course should include the following:

concept of QCC activity,

concept of quality,

how to make improvements,

statistical methods, and

the seven standard tools (Pareto diagrams, characteristic-
factor diagrams, stratification and ‘check sheets, histo-
grams, scatter diagrams and control charts).

Special TQC training for managers, shop/section staff engi-
neers and foremen which started in 1983 in the Shipbuilding &
Offshore Division of IHI, consists of a 2-day special course to
teach the philosophy of TQC. The course is conducted by
instructors from IHI’s Production Technology Research Insti-
tute supplemented by shop/section staff engineers who had
received special training.

The following curriculum is used:

● First day:

- Aim of TQC course.

- What is TQC? What is the objective of applying TQC?

- Quality Assurance.

- Management activity, ways and means of improvement.
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Small Group activity, and the role of management.

Respect of human nature.

TQC for managers.

Recap of TQC ideology.

TQC methods and techniques.

Standard tools for QC.

Exercises in use of standard tools for QC.

● Second day:

- Concept of SQC.

- Exercises in TQC methods and techniques, and presen-
tations by student teams, questions and answers.

- Review and comments.

In addition, actual case histories of QCC problem solving,
lled QC stories, are presented for discussion.
.1.4 Features of Japanese Style QCC Activity

The perception that Japanese style QCC activity can only
xist in the special social circumstance of Japanese society is
correct. Management science, not culture, is responsible for
e success of QCCS in Japan. Managerial initiatives include:

●

●

●

●

●

●

Relating quality control activity to the whole company
operation.

Thorough education and training in QC matters.

QCC activity fostered patiently by allowing ample time.

Top management devotes time to periodic and public
reviews of QC stories and for meeting with group leaders.

Statistical analysis methods are extended to the worker
level.

Quality control activity is promoted on a company-wide
scale.

In contrast, the QC concept typical of traditional firms out-
de Japan has the following features:

●

●

●

●

●

QC is carried out by QC specialists.

There are national organizations which emphasize the sta-
tus of QC specialists rather than directing effort at improv-
ing quality.

Statistical analysis methods are not exploited by workers.

QC education is rarely applied to personnel other than QC
specialists.

Worker capabilities to solve problems are underestimated.



The reasons why the ZD movement, which bloomed and
died elsewhere, was successfully linked to QCC activity in
Japan are:

●

●

●

●

●

●

The ZD movement did not consist of just slogans and
exhortations. It was supplemented with analytical
methods.

Various QC methods were associated with ZD activity and
group leaders and members were educated to skillfully
employ them,

People were educated to review existing rules, standards,
etc., based on a philosophy that nothing is absolutely
perfect.

Even though numerical results were considered important,
respect for human nature was considered more significant
because people control the figures.

Personal initiative was emphasized.

People upstream from production, such as engineers, par-
ticipated-in solving problems and remedying defects.

Regarding TQC, although there are some differences in U.S.
and Japanese cultural and social circumstances, some first-
class U.S. firms have applied an approach which, in concept
and effect, is similar to Japanese-style QCC activity, and have
succeeded in expanding it into TQC activity. There is no rea-
son to believe that the same process cannot be repeated in
U.S. shipyards.
 

3.2 Historical Progress of TQC in IHI
3.2.1 The Progress of Small Group Activity in IHI

Because of experiences with many shipbuilding contracts
during the sixties, the Japanese shipbuilding industry was able
to conceive procedures which insure good relationships with
owners supported by mutual trust. With a very simple contract,
each owner would be assured of getting the quality desired and
per classification society requirements. But, since the 1970’s,
product liability became a serious consideration.

When an accident occurred in a ship during its operation, the
builder responsible for design, production and after-service
became the target of liability. More and more product liability
issues are not limited to safety, but are being extended to other
areas such as pollution. Once this kind of litigation occurs, the
impact on the company’s operation is very serious. Its very
existence could be jeopardized.
2

Satisfying established classification society rules can no
longer be an excuse to evade product liability. Sophisticated
products such as LNG carriers, offshore rigs, etc., require
especially stringent quality standards to meet owner’s require-
ments and it is a shipyard’s responsibility to explore how the
quality required by customers’ proposed usage can be built into
products. Therefore, the shipyard by its own will and effort,
has to renovate its physical structure to cope with this new
demand. Shipyards have to upgrade their quality criteria and
their traditional processes of quality control. They must now
address the following:

●

●

●

●

●

●

Is quality directed to customers’ needs?

Is there too much emphasis on productivity at one stage
which is causing production problems downstream?

Are jobs really structured to meet the new demands?

Is the plan-do-check-action (PDCA) cycle properly
applied in the management of routine jobs?

Are countermeasures applied just as a stop-gap measure?
Have measures to prevent recurrence been established?

Is each target set a step ahead as a challenge?

Answers to the above and other such questions, demon-
strated need for a more scientific approach, conceptually
shown in Figure 3-1, to meet the challenges of product liability
acerbated by intense competition.

Old concepts were reviewed, modified, supplemented and,
since about 1979, issued as a TQC movement:

●

●

●

●

●

The way of forming groups was reviewed. Thereafter,
QCCS became the actual groups organized to match spe-
cific stages in work flows. In other words, groups became
specialized along product lines.

Setting targets was reviewed. Targets then began to apply
to routine work, with safety, working smarter not harder,
efficiency, etc., as objectives.

The conduct of group meetings and reporting was
reviewed. Clerical work was reduced.

Suggestions for improvement were reviewed. More
importance was placed on group proposals rather than
personal proposals.

Rules for appraisal of proposals were reviewed. Priority
was placed on group awards so as to emphasize group
activity.
5



SATISFACTION
– TO CLIENTS
– TO IHI EMPLOYEES

I REQUISITE QUALITY
I

–OF PRODUCTS DELIVERED
–OF PRODUCTION PROCESSES ADOPTED
–OF TECHNOLOGICAL KNO\V-HOW APPLIED
–OF PLANNING FOR PRODUCTION
–OF SAFETY MANAGEMENT
–OF WORKING ENVIRONMENT
–OF SUPPORTING SERVICES

TQC MOVEMENT

CONCRETE TARGETS
— DESIGNATED BY MANAGEMENT
– WITH SUGGESTIONS FROM SHOP

AND OFFICE

SCIENTIFIC SUGGESTION
ANALYSIS SUBMISSION

SYSTEM
J QC CIRCLE

ACTIVITIES

ALL EMPLOYEES FROM PRESIDENT
DOWN TO SHOP AND OFFICE STAFF

J

FIGURE 3-1: Concept of Total Quality Control
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More specifically, the direction of the shift to TQC included
the following actions:

More priority was placed on how the group solved prob-
lems rather than on results as a way of fostering groups.
Whth increased capability a group could obtain higher
scores (e.g., become eligible for superior or excellent
grades). In each fabrication shop and assembly section, a
production engineer or foreman was assigned collaterally
to educate and guide groups for the purpose of strengthen-
ing their capabilities.

Attaching too much importance to group proposals could
cause an-individual who took the lead in a proposal to be
overlooked, with adverse impact on morale. Therefore,
some effort was applied to acknowledge individual
contributions.
3.2.2 The Era of the Company-Wide Movement

The primary objective of TQC in IHI’s Shipbuilding Divi-
sion was to establish a true Quality Assurance (QA) and Qual-
ity Control (QC) system. In a narrow sense, it means product
quality and, in a broad sense, it means to improve the quality of
the entire Division so as to achieve full confidence of clients.’

In the past, group targets were designed to realize shop
targets. As a result, most of the group targets addressed cost
reductions. This movement caused people to spend most of
their group time only in comparing budgeted and consumed
manhours and to neglect improvements in tools, ways to do a
job, and quality.

To remedy this situation, targets were shifted to address
improvements in accuracy so that cost reductions would be
achieved indirectly. To promote and accelerate this movement,
changes in targets were discussed with the small groups. From
these discussions it was recognized that in order to impose top
management’s policy in the “front” line, more middle man-
agement involvement would be required. Simultaneously, it
was realized that more scientific control must replace tradi-
tional concepts for controlling quality.

What scientific means is to capture numerical figures, ana-
lyze data, process arithmetically, find tendencies by using
graphs, and based on the so processed facts, grasp the crux of
the problem, find remedies, and execute solutions. This
approach was considered necessary to revitalize the entire
company.

Small Group activity adds a second dimension to the organi-
zation. Besides the traditional top-down instructions from
management, QCCS create bottom-up communications from
 QA is the objective and QC is means for achieving QA.

2

the workers. Accordingly, improvements in the production
field are devised voluntarily by the workers on work sites who
have the most immediate knowledge of work situations. Man-
agement and supervisors are expected to be involved in this
activity as advisors and/or instructors.

The next TQC objective was to nurture the consciousness of
running the company with the participation of all employees.
This required every worker of every department to participate
collectively, i.e., to make use of their combined knowledge and
expertise. More specifically, it required department managers
to set up policies in accordance with higher management’s
policies for achievement targets and to determine definite
means for reaching the targets. This necessitates that every
worker adopt scientific methods and think scientifically. To
achieve the set targets, workers thoroughly examine their shop,
identify problem areas, and set up their own improvement
targets.
7

3.2.3 TQC Objectives by IHI

In general, II-II’s TQC objectives are:

. participation by all employees,

● assurance of product quality,

● improvement of job quality, and

● organized activity.

Based upon the above, TQC is a process for producing a
product for which quality, cost and delivery terms meet the
user’s satisfaction. At the same. time, it includes all activities to
upgrade and stabilize job qurdity level, and to keep jobs under
control. In other words, TQC is a comprehensive activity for
improvement in which all employees participate. Its objective
is to upgrade the entire level of management and control with
quality assurance as the core. To do so, it is essential to utilize
scientific methods, enhance current technologies, and promote
small group activities.

In the Shipbuilding Division, emphasis was placed on the
following points:

●

●

●

making everyone understand management and control
techniques utilizing scientific ideas and methods,

fixing a consciousness in the organization that the next
process is the important “client," and

pursuing QC to the fullest extent by circulating the PDCA
cycle.
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Traditional control techniques are usually affected by a com
pany’s history, social environment (community), etc., whic
are hard for management to influence. Therefore, a scientif
control technique must be mastered. The following questio
help to keep scientific methods in focus:

●

●

●

●

Is the PDCA control cycle being properly applied? Are w
just doing planning and forgetting checking and action
making it a “plan-plan” control, or are we just actin
without a definite plan, making it an endles
“do-do” cycle?

Are we appreciating valuable experiences and are lesson
learned being transformed into standards?

Is the PDCA cycle properly applied in annual targets? 
problems are found in implementation, are they bein
resolved through reviews of targets and methods?

Are production errors in routine jobs being remedied b
stop-gap measures? Are we investigating errors to preve
recurrences?

The Shipbuilding Division is currently mobilizing its ent
organization to implement TQC so that its concept, illustrat
in Figure 3-1, becomes common knowledge of every employe
Survival cannot be guaranteed by just following tradition
practices and TQC is the only means to renovate the concept 
product quality and job quality. The following mottos apply:

● Our jobs should give first priority to satisfying     customer
The old concept of product-out which gives more attenti
to producers should be changed to market-in which giv
more attention to customers.

. In solving problems in a routine operation, modesty an
frankness are required in seeking problem causes. In oth
words, in judging a cause, each one must think of person
responsibilities rather than other’s.

● The world contains much knowledge unknown to ou
selves. It is essential to learn and educate ourselves 
expand our knowledge.

● We are apt to feel self satisfied when a job is going we
without problems. This attitude precludes tru
improvement.
3.3 Operational Organization of TQC in IHI
3.3.1 The TQC Organization in IHI and its Outlet

Small Group Activity in IHI started around 1966, and each
shipyard had its own policy and methods. A typical example is
shown in Figure 3-2.

To assist the General Manager to promote Small Group
Activity, an executive  office was established with a full-time
staff engineer in each yard. Some offices, depending on a
shipyard’s size and work volume, also had fill-time clerks.

t
i
s
e
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In 1970, the first meeting of these offices was held to
exchange information. Since then and until about 1980, such
meetings were held in different shipyards. After that, a central
Production Technology Development Office was established in
corporate headquarters to manage TQC activity on a company
basis. Then, coordinated meetings were held for stories of
actual experiences of small group activities in all yards and
works. In 1985, meetings began to be conducted division by
division, e.g., for the Shipbuilding Division, only shipbuilding
experiences were discussed. This change reflects an apprecia-
tion of the uniqueness of each division’s policy and manage-
ment methods. In order to strengthen TQC activity at the same
pace throughout the company, representatives from each yard
and works meet twice per year to present their experiences and
exchange information.

Further, as QA/QC requires an organized and well planned
movement to satisfy customers’ needs by types of products, the
quality assurance function was established at division head-
quarters and the quality control function was established where
the products are being manufactured. For IHI shipyards this
approach is more effective because marketing and basic design
are division responsibilities. Close ties are maintained between
the latter and production functions so that quality can be per-
fectly controlled through the stages for sales, planning, design,
production and after delivery. The Quality Assurance Depart-
ment at division headquarters reports to the division General
Manager in a staff capacity. This department participates in
policy making, and plays a role to establish, maintain and/or
improve the division’s quality assurance structure.

The Quality Control Department in each shipyard governs
the quality control activity including inspection, starting from
detail design to production and, finally, until the guarantee
period ends. When the guarantee period expires, it also acts as
a center to take care of after sales services to complete quality
assurance  activity. Therefore, the Quality Assurance Depart-
ment plans and promotes TQC under the instructions of the
Division General Manager, and the Quality Control Depart-
ment in each shipyard exerts efforts to plan and promote TQC
at production sites.
3.3.2 The Role of Management

Sometimes, we hear some managers complain, “I’m so busy
that I can’t spare any time for small group activity.” This is not
right because a manager’s job is to materialize ideas through
workers, and to motivate, educate, and upgrade capabilities of
workers. As small group activities are a means to foster the
alents of people, management should devote time to promot-
ng them and create an atmosphere which gives opportunity to
ubordinates to utilize their capabilities to the maximum
xtent.



ORGANIZATION AND ASSIGNMENT OF 3Z MOVEMENT

FREQUENCY

ORGANIZATION CONSTRUCITON DUTY

PROMOTION COMMITTEE 1) SETTING OF WORKS POLICIES.
CHAIRMAN WORKS MGR. 2) REVIEW OF EACH DEPT REPORT ON

DEPUTY WORKS MGR. MOVEMENT & OF PROBLEM POINTS.
MEMBERS EACH DEPT. MGR.

LABOR UNION REPS.
3) FINAL DECISION ON VARIOUS KINDS OF ONCE/MONTH

3Z SECRETARIAT
AWARDS.

4) DECISION ON DISTRIBUTION OF BUDGETS

3Z SECRETARIAT
RELATED TO 3Z MOVEMENT.

RESPONSIBLE PARTY 1) REVIEW OF GROUP AWARDS (COMPETENCE
DEPUTY WORKS MGR. PRIZE OR OVER) IMPROVEMENT SUGGESTIONS

1

(GRADE B OR OVER) AND OTHERS.
WHEN

3Z LIAISON MEMBERS: EACH DEPT. REP.

MEETING
3Z SECRETARIAT

NECESSARY
2) ITEMS OF 3Z LIAISON CONCURRENTLY

RELATED TO EACH DEPT.

1) SETTING OF DEPT. POLICIES.
2) REPORT OF PROMOTION COMMITTEE.

DEPT. COMMITTEE CHAIRMAN DEPT. MGR.
3) REVIEW OF EACH SECT REPORT ON MOVEMENT

& OF PROBLEM POINTS.
ONCE/MONTH

MEETING
MEMBERS: EACH  SECT. MGR.

4) REVIEW OF AWARDS SUBMITTED BY EACH SECT.
5) REVIEW OF EDUCATION PROGRAMS.

CHAIRMAN SECT. MGR. 1) SETTING OF SECT POLICIES.
EACH STAFF MEMBER

SECT. COMMITTEE
2) REPORT OF DEPT. COMMITTEE.

IN CHARGE.
MEETING

3) REVIEW OF REPORT ON MOVEMENT OF EACH JOB
MEMBERS EACH FOREMAN AREA (EACH GROUP) & OF PROBLEM POINTS. ONCE/MONTH

EACH GROUP LEADER 4) REVIEW OF GROUP AWARDS AND IMPROVEMENT
SUGGESTIONS.

5) STUDY ON EDUCATION PROGRAMS.

RESPONSIBLE PARTY
STAFF MEMBER IN

1) STUDY ON THE MANNER OF PROCEEDING WITH JOBS

CHARGE
THROUGH OPERATIONAL PROCESS MEETING,
SAFETY MEETING, ETC.

VARIOUS KINDS FOREMAN 2) TRANSMISSION OF SECT POLICIES & .STUDY ON
WHEN

OF MEETINGS GROUP MEETING POLICIES.
NECESSARY

MEMBERS: RELATED GROUP
LEADER

3) REVIEW OF PROBLEM POINTS OF A GROUP.

RELATED GROUP
4) SELECITON FOR GROUP COMMENDATIONS&

MEMBER
IMPROVEMENT SUGGESTION AWARDS.

COORDINATOR
SECT. MGR.

RESPONSIBLE PARTY:
GROUP LEADER

1) SETTING OF TARGET ITEMS & TARGET VALUES.
2) ENGINEERING FOR THE PURPOSE OF TARGET

MEMBERS: EACH GROUP
VALUES ACHIEVED.

3Z GROUP MEETING MEMBER
3) TRANSMISSION OF POLICIES OF THE SUPERIORS. TWICE OR

COORDINATORS:
4) GROUP DISCUSSION ON 3Z SUGGESTIONS. OVER/MONTH

SECT. MGR.
5) CONTRAST AND STUDY ON PREDICTION AND

REALITY.
(WHEN

STAFF MEMBER NECESSARY)

IN CHARGE
6) CONFERENCE ON OPERATIONAL PROCESSES.

FOREMAN

FIGURE 3-2: An Example of Organization of Small Group Activity
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The role which management should play could be summa-
rized as:

. Fertilize so that the small group activity can grow. Man-
agers have to show keen interest in small group activities
and remove obstacles which hamper them.

 When setting policy and targets for small group activities,
it is important to make clear what the policy and targets
are and, to make clear what is expected in QCC activity
for solving significant problems.

● The small group activities must be properly assessed.
QCC activity is not simply a movement for improvement.
What is important is the problem solving procedure and
its potential. It is essential for management to assess activ-
ity accordingly.

● Management should periodically attend routine small
group meetings in order to find out whether group mem-
bers are really participating, satisfied with their progress,
etc.

Probably most important is support given to group leaders.
Middle management must be conscious of their roles to relay
top policy downwards and routine QCC achievements
upwards. This means that middle managers must maintain a
working relationship with subordinates in order to achieve full
output of groups when challenging targets and preparing pro-
posals for improvements.
3.3.3 Roles of a QCC Executive offfice

The important role of the QCC Executive OffIce is to assist a
yard General Manager in promoting QCC activity within and
coordinating TQC activities outside the yard. More specifi-
cally, the office:

●

●

●

●

●

●

●

●

●

prepares promotion plans, event plans, budgets for
QCC/TQC activities, etc.,

prepares education plans (seminars, selection of text
b o o k s ,  e t c . ) ,

produces guidance manuals for QCC/TQC operations,
prepares documents, forms, etc.,

records statistical data, makes reports, keeps records of
proposal reward applications, etc.,

publishes a yard QCC/TQC magazine, advertises slogans,
prepares posters, etc.,

solves complaints from various shops, groups, etc.,

plans and conducts QCC exchange meetings, presentation
meetings, etc.,

assists top management to diagnose the group activities,
etc., and

counsels group leaders to help them to set targets, make
reports, etc.
30
Personality traits required for executive office people are:

● initiative based on strong faith,

. power and ability to plan, express opinions, persuade
people, etc.,

● ability to make good judgments on conflicting matters.

Diagnosis by top management is aimed at assessing, from a
company-wide viewpoint, how policy is spreading down-
stream, how it is being executed, and what is being achieved.
Problem areas are identified and, if possible, rectified through
policy adjustments. The diagnosis, through brief audit reports,
provides management’s assessments of achievements to per-
sons concerned. Each diagnosis is also important for presenta-
tion during meetings held to demonstrate top management’s
enthusiasm to continue promotion and follow-up of further
QCC/TQC activity.

Figures 3-3 (a) through 3-3 (b) shows typical information
compiled and distributed by a QCC executive office.
3.3.4 TQC Activity  in a Sales Department

In sales, their business is apt to be rather unforeseen, and
people are often too busy in solving problems instead of spend-
ing time to plan and execute their jobs. Further, they are usu-
ally required to make quick decisions within a short time per-
iod to cope with changes in market demands. Sales job features
do not appear to match with TQC activities. However, there
are still many repetitive special jobs for which productivity
could be enhanced.

A sales department requires a long term strategy to be com-
petent in the market. Therefore, sales has the responsibility to
establish a policy to select and determine what products should
be sold, and how the products should be sold. Accordingly, the
aim of TQC in sales is to review each individual’s job, investi-
gate changes in market situations, customers’ demands, com-
petitors’ moves, etc., to exert effort to analyze and discover the
company’s advantages and disadvantages, and find the best
strategies and tasks to strengthen the company.

Sales plays the important role to feed results of market stud-
ies to basic design for the purpose of developing products
which will meet future market demands. Especially under
growing economic circumstances, the concept of “market-in”
is very important. More effort should be made to maintain
contact with customers to identify their needs and to pursue
new products that meet those needs. It is necessary for sales
people to participate with potential customers at their planning
stages to help them analyze and design alternatives for ships
and end products other than ships.

An essential sales role is to contribute to increases in profit-
ability by generating more revenue through increased orders
and/or increased prices. When results are poor, causes must be
analyzed so that remedial measures can be taken. On the other
hand, if results are good, the processes that led to success
should be standardized to establish bases for future sales 
activity.



3.3.6 TQC in Detail Design Offices

The detail design office in a shipyard is positioned between
the basic design department and the production departments.
Its responsibility is to provide detail information and instruc-
tions so that production people can construct the ship at a
reasonable cost within a contract delivery date without interfer-
ing with specified functional and quality requirements.
Designers in charge are required to assume that everyone out- 
side of design is a customer in accordance with TQC philoso-
phy. Designers must always take the standpoint of others, e.g.,
owners, producers, and operators.

Thus, designers have to thoroughly analyze feedback which
describes how a ship is operating. When problems are
described they work to find appropriate solutions to be imple-
mented as guarantee work or to improve the quality of future
products. This is obviously the PDCA cycle of TQC.
Thus, the policy of top management in the sales department
is to require discussions and conclusions on the following sub-
jects through small group activity:

●

●

●

●

Aggressive investigations on the selection of strategic
products.

Accurate analyses of market trends and demands, and how
to evaluate data collected.

Production of guidance manuals for sales jobs that could
be standardized so that more time can be spent in planning
and executing.

Analyses on estimated costs vs. contract prices and actual
completion costs to establish sales strategies for future
projects.
3.3..5 TQC Activity in a Basic Design Department

The achievement of basic design is known only after a prod-
uct (ship, offshore structure, etc.) has been in a customer’s
service for some time. Basic design must work with sales as a
unit to constantly grasp customers’ and/or market needs, and
develop products that satisfy such needs.

important targets for enhancing productivity of a basic
design department are:

●

●

●

●

●

●

Reduce guarantee service costs which are caused by defi-
ciencies in design.

Strengthen competitiveness by reducing product cost
through value engineering.

Secure each customer’s confidence by enhancing design
quality.

Promote reasonable rationalization of design features,
i.e., bring more logic into design (e.g., anticipate straight
pipe runs that will permit a greater percentage of straight
pipe pieces and use of common supports).

Upgrade the quality of improvement proposals and acti-
vate them in design.

Imrove accuracy in cost estimating and complete the
Basic Material List (BML) for each-project at “an early
stage.

In basic design, it can take several years after an end product
is in service to complete the PDCA cycle and to establish
improved design criteria and standards. Therefore, TQC in
basic design must be systematized as an organization, rather
than by individuals, to maintain analysis continuity.

In IHI shipyards small group activity in detail design offices
has developed along with such activity in production depart-
ments. At the beginning, activity was mainly in line with the
ZD movement. However, it gradually took on design and stan-
dardization matters.
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3.3.7 TQC in Production Control Departments

The function of a Production Control Department is to sup-
port smooth operation of a yard’s production activities and to
plan various rational methods to improve productivity. The
following TQC approaches are given priority:

●

●

●

●

Review whether present processes are best suited to sat-
isfy the needs of others, e.g., buyers, suppliers, and
subcontractors.

For each work process, emphasize collecting good data
from upstream and downstream processes.

For recurring problems, make sure that facts are the bases
for resolutions.

Use the PDCA cycle incessantly and quickly respond to
problems disclosed.

As TQC is a movement involving an entire manufacturing
system, it must also involve subcontractors and suppliers. As
such firms have unique characters, it is essential to guide them
in implementation of consistent TQC measures. Some of the
items requiring special attention are:

●

Insure that suppliers and subcontractors understand why
and for whom TQC must be exercised.

Quality should not be compromised for the sake of a sub-
contractor. Guidance should be provided so that quality
consistent with the shipyard’s will be obtained.

Insure that suppliers and subcontractors understand that
the aim of TQC is to investigate problems in detail based
on facts.



3.3.9 TQC in Production Departments

The basic philosophy of TQC in a production department is
to accomplish routine jobs, properly and as scheduled. In pro-
duction, TQC is a comprehensive improvement activity cover-
ing all processes. Measures employed include control of pol-
icy, QC techniques, statistical analysis, etc. Innovation in
thinking, understanding, and quickly reacting when problems
are faced are necessary. Managers and supervisors are espe-
cially required to routinely examine production sites for poten-
tial improvements, so that jobs could be carried out more effec-
tively and with less mental and/or physical strain. In solving a
problem, a final solution is required instead of a stop-gap
solution and a great deal of zeal is needed to achieve targets.

Production people usually have many problems to solve.
Their problems relate to scheduling, work processes, accuracy,
scrap percentages, usage of manhours and/or energy, etc.
Regardless of the subjects, the common TQC concepts in pro-
duction are:

● Improvement of management’s philosophy: Management
personnel are required to set up and control their own
targets, devise tactics to achieve targets, and constantly
think in terms of the PDCA cycle. Managers must have an
eagerness to challenge problems and a system to grasp
situations, extract problem causes, and apply the best
s o l u t i o n s .  

. Production engineering: In order to construct a ship of
good quality at low cost and deliver it within the contract
delivery date, elaborate pre-construction production engi-
neering, based on feedback of problems encountered
before or during construction, is essential.
. As TQC is an activity based on participation and dia-
logue, encourage suppliers and subcontractors to speak
out frankly.

. Manifestly appreciate their effort even though their targets
and achievements may be comparatively small.

. Minimize requirements for control data and information
to reduce management manhours, i.e., reduce such
requirements to absolute essentials.

Examples of targets for a production control department
itself are:

  Reduce manhours required for estimating change orders.
The target set for the entire control department was to
reduce its work by 30% through further rationalization.
Use of a Pareto analysis disclosed to estimators that
approximately 50% of their manhours were consumed in
estimating change orders. Therefore, they established a
target of 50% reduction in manhours for estimating
change orders and began to rationalize their change order
estimating routine. Costs for estimating change orders for
17 ships previously built, were analyzed. A Characteris-
tic-Factor Chart was used to pinpoint problems which had
to be addressed for improving change-order estimating
productivity.

. Better control methods for Purchase Order Specifications
(POS) issues and setting and adjusting scheduled material
delivery dates. Current processes were broken down into
distinct job units and the process for each job was
reviewed and rationalized. The final results were docu-
mented as Business Rules (BRs) and a procedure was
created for reviewing them every six months.
3.3.8 TQC in Quality Control Departments

The role of a Q/C department is to prepare a control plan in
cooperation with engineering, production, production control
(includes material management), and sales, and to incorporate
the plan into each ship’s construction plan. The control plan’s
purpose is to tailor a quality standard for each ship which is to
be consistently applied by all departments. Therefore, TQC
activity in a Q/C department is to perform inspections from the
viewpoint of a customer’s needs and to provide feedback to the
departments, suppliers, and subcontractors concerned. Assess-
ment of product grade is required at each stage or process, is
fed back, immediately, so that improvement measures can be
applied to following work. Thus, the PDCA cycle is operated
constantly so that quality achieved becomes in agreement with
quality required in the shortest possible time. Also, quality
control procedures are reviewed when deficient products
which affect the overall quality of a ship were overlooked dur-
ing self-inspection by suppliers and particularly
subcontractors.

. Audit system: No matter how good a policy or target is, it
is impossible to manage and control every detail. An audit
system is needed to constantly make improvements in
quality level and to achieve the final quality target. The
audit system must be structured so that the PDCA cycle is
constantly applied regardless of change in personnel. This
system should accumulate updated data and be refined
incessantly.

. Control system through data: Management and control at
production sites must be conducted based on data and
various job manuals. As a matter of importance manage-
ment must have an idea of how to use the data and how to
connect the data to action. Whether or not data can be
effectively utilized in along-term system depends on how
thoroughly targets and output formats have been prepared
by management.

. Small Group Activity: Many unexpected losses and sub-
jects to be improved can be found in daily jobs which
involve a great number of workers. But means to detect
problems and to devise improvement plans are usually
insufficient. When TQC techniques are utilized effec-
tively, much more improvement proposals can be
expected.
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FIGURE 3-3(a): Typical information compiled by an IHI shipyard’s QCC executive office,



 AS OF RESULT OF FOLLOW-UP INVESTIGATION FOR SUGGESTION FOR
(A U G . ) I M P R O V E M E N T  R E L A T E D  T O  W H O L E  S E C T .  A N D  T O  J O B  A R E A

FIGURE 3-3(b): Typical information compiled by an IHI shipyard’s QCC executive office.



RESULT OF FOLLOW-UP INVESTIGATION RESULT OF COMPARISON FQR CLASSIFIED
FOR 3Z SUGGESTIONS CONTENTS OF 3Z SUGGESTIONS

FOR AGGREGATE OF FOR AGGREGATE OF
JANUARY THROUGH

HOLD

FOR THE MONTH OF AUGUST ONLY

I UNDER TO BE
EXECUTION EXECUTED

STUDY I HOLD

I 2 4 8 I 50 I 2 8 I 10

I 73. 8% 14. 9% 8, 3% 3. 0%

JANUARY THROUGH

FOR THE MONTH OF AUGUST ONLY

FIGURE 3-3(c): Typical information compiled by an IHI shipyard’s executive office.

FACILITIES  ENVIRONMENTS 61 18.1— . — — — — —. —
JIGS,EQUIPMENTIf TOOLS 66 19.6— . . — . — — . —
FABRICATION & PROCESS

—-—..
52 15.4— — — . . — . . —

OPERATING METHOD
.—--

139 41.4—-—- . . .
SAFETY

—..-
18 5.4

T O T A L



THE WHOLE COMPANY INVENTIONS AND DESIGN APPLICATIONS
FILED FOR THE SECOND HALF OF FISCAL 1985

KURE NO. 1 PRODUCTION DEPT.
WELDING ASSY SECT.

NO. JOB AREA NAME OF IMPROVEMENT

1 , SCAFFOLD DESIGN FOR SCAFFOLDING MATERIALS TEMPORARY INSTALLATION JIG

2 DITTO DESIGN FOR LIGHT WEIGHT LADDER DEPOSIT JIG

3 DITTO DESIGN FOR LADDER SLIP STOP JIG

4 DITTO DESIGN FOR PLATE SECURING METAL

5 2W DESIGN FOR THE AUTOMATIC BACK BURNING MACHINE RAIL ALIGNING RULE

6 DITTO DESIGN FOR SLIDING TRANSVERSE RECEIVING JIG FOR FRAMEWORK

7 DITTO IMPROVEMENT FOR MOVABLE CIRCULAR BLOCKS

s DITTO ARC TIMER COLLECTING DEVICE AND NAMEPLATE RACK

9 DITTO C02 HANDLING DEVICE SECONDARY WIRING COLLECTIVE INSTALLATION DEVICE

10 DITTO IMPROVEMENT FOR FCB BACKING BEAM TRANSPORTING CARRIAGE

11 DITTO IMPROVEMENT FOR GAS CUTTING MACHINE TIGHTENING BOLTS

12 DITTO IMPROVEMENT FOR FLAT OF 3K, FCB UNION SHOP

13 1A STOWING FRAME FOR FALL PREVENTING STANCHION & ROPE

14 SUB DESIGN FOR SNIP MEMBER EXTRUDING JIG
15 DITTO DESIGN FOR GRAVITY SERVICING AUX. JIG (PART 1)
16 DITTO DESIGN FOR GRAVITY DITTO (PART 2)
17 DITTO DESIGN FOR GRAVITY OF CONFINEMENT SERVICE
18 DITTO DESIGN FOR LARGE WIDTH PLATE RECEIVING ROLLER JIG
19 DITTO DESIGN FOR TUBULAR SCAFFOLDING JIG
20  DITTO  DESIGN FOR GRAVITY RECEIVING JIG FOR PLATE
21 lW  CO2 2 SETS FRAME TRANSVERSE RECEIVING & PLACING METAL IMPROVEMENT
22 DITTO S2929-HA.HB COAMING RECEIVING JIG
23 DITTO HIGH PLACE SERVICING SUSPENSION SCAFFOLD (FOR NARROW SPANS) IMPROVEMENT
24 DITTO LONGITUDINAL INSERTION SLOT RECEIVING METAL IMPROVED
25 DITTO HANGER STANCHION ACCORDING TO KINDS OF GAS HOSES, TIRES, AND WIRES
26 DITTO FIX POINT JIG GRATING NOTCH IMPROVEMENT

FIGURE 3-3(d): Typical information compiled by an IHI shipyard’s QCC executive office.
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4.0 EXAMPLES OF TQC

4.1 Hierarchical Targets
4.1.1 Examples of TQC Targets in IHI

Presently activities earned out by all IHI employees are
based on the company’s policy to try everything that could
strengthen the company’s competitiveness and capabilities.
This policy directs how the company should be operated and
provides incentive for employees to exert their utmost efforts to
achieve company targets.

The targets are, generally, given by the company as follows:

● Target: Improve profit by XX% over the present profit
plan.

c Priority Targets:

- Reduce capital of inventory by XX%.

- Reduce losses caused by guarantee work and/or defi-
cient work by XX %.

- Strengthen competitiveness by reducing production
costs.

- Secure reliance from customers by improving quality.

- Improve productivity of indirect (white collar) jobs.

Based on the above company policy and targets, each divi-
sion and yard establishes their own specific targets by breaking
down the company targets into more specific control factors.
The breakdowns continue hierarchically as shown in
Figure 4-1.
3

Typical examples of shipyard policy are:

Shipyard "A” Policy: Attain prominent improvement in accu-
racy. Build specified quality into the product.

● Priority Items:

- Make sure production management and control tech-
niques are being implemented.

- Complete responses to feedback describing deficien-
cies.

- Complete execution of QA/QC plans.

- Promote further  education of TQC.

- Standardize work processes and jigs.

- Estimate and analyze losses caused by manufacturing
errors.

- Establish a check system to be used by operators of
large machinery both in the shipyard and in ships.

- Improve measures to prevent missing material.

. Strengthening Competitiveness by Reducing Costs
(achieve profit targets):

- Measures for reducing material costs by: promotion of
VE for each ship, guiding and fostering special subcon-
tractor shops, conducting cost analyses, promoting utili-
zation of remnants, and reducing scrap percentage of
steel material.

- Measures for reducing labor costs: eliminating lost time
in integrated hull construction, outfitting and painting
processes; fixing the position of work sites for jobs done
on ground, and improving discipline so as to reduce idle
time and rework.
9





tion

and 
- Measures for reducing general expenses: promoting
saving activities in consumption of materials and
energy, cutting material stocks, and reducing tool and
equipment quantities.

- Create a team spirit at each work site through recreation
challenges as well as work challenges.

- Reinforce engineering capability.

● Prepare   Production Department plans:

- Technical Development: promote automation of welding
in hull construction and outfitting, improve painting
technology, analyze the production system and develop
jigs and tools to enhance the system, and institute train-
ing/education programs for welders and painters.

- Machinery Operation: prepare operation manuals for
various production machines and systems, prepare oper-
ation manuals for new machinery and equipment, and
establish a trouble prevention system for each type of
machinery and equipment.

- In-House Manufacturing: establish a system to check all
production facilities for the purpose of maintaining
them 100% operable, make clear schedule job-start
dates utilizing sign-boards, analyze accuracy control
measurement data by stages, review methods for con-
trolling remnant material, and reduce X-ray disclosed
weld effects to zero.

- Construction: establish and implement integrated sched-
ules, establish a job control system to insure that the
same jobs are performed at the same site, make the
management control system very graphic so that some-
one can glance and understand, establish and implement
standard work processes, purify work packages so that
each contain work of only one problem classification,
and establish a systematized process to use various
stages, equipment and tools, e.g., real and virtual pro-
duction lines.

- TQC Activity: establish standard work processes, estab-
lish a system to integrate hull construction, outfitting,
and painting work, and set targets for numbers of
improvement proposals, e.g., 1.2 proposals/
month/man.
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Shipyard “B” Policy: Concentrate on improvement of accuracy
and reduction in cost. The most important thing a shipyard can
do is to construct a trouble-free, high-quality ship at a cost
cheaper than what was predicted by top management. This
means setting a target that is lower than top management’s
expectations and achieving the target.

  Specific Measures:

Activate and improve the efficiency of TQC activity by
introducing QC techniques involving design, produc
control, subcontractors, and production as an integrated
system.

Make full use of the new paint shop.

● Prepare    Production Department plans:

- Restructuring to endure low output operation and diver-
sified job requirements: acquire various techniques to
increase the multi-functional capabilities of individuals,
allow flexibility in operation and improve quality, 
increase the speed of cost reduction measures.

. Targets:

Reduce costs: upgrade the CO2 welding technique and
achieve a welding rationalization effect of XX%,
improve the quality of pieces and components by chang-
ing configurations if possible, reinforce individual cost
control, and give full support to the technical develop-
ment group.

Quality: reduce X-ray disclosed weld deficiencies to
below -X %, reduce cutting rework to XX% (make accu-
rate assembly joints by improving accuracy at prior
stages, evaluate the capabilities of workers and chal-
lenge them individually with targets to improve their
abilities, and eliminate deficient products by fully
employing QC functions).

Shipyard “C” Policy: Challenge to reduce costs. Concentrate
on intensive engineering and challenge individual employees to
reduce costs.

. Priority management and control items:

- Reduce  XX% of budget cost.

- Reduce XX% of general expenses, etc.

. Prepare Production Department plans:

- Reduce cost by devising ways to improve from individ-
ual standpoints.



. Targets and Measures (Reduce XX% of the target at each
process/stage):

- Complete and execute pre-construction engineering,
i.e., engineering for each zone/stage of a build strategy.

- Improve field work performance, i.e., pick up problems
and devise methods for improvement.

- Promote microscopic efficiency management and con-
trol. Make daily target clear for each individual and
follow upon achievements.

- Stimulate small group activity, focusing on cost
reduction.

- Promote rationalization of service work, i.e., review
service workers’ performances, such as for transporta-
tion, progress reporting, measuring, etc., to reduce
their manhour expenditures.

- Improve the density of working hours, i.e., minimize
waiting time.’
4.2 QC Activity Report
4.2.1 The Status of Activity

Although the basic direction of QC activity has been
explained in Chapter 2.0, as time elapses, circumstances could
justify some directional adjustments. The status of activities in
IHI’s Aioi Shipyard is taken as an example.

In 1983, Aioi Shipyard set up six targets based on basic
policy promulgated by the Shipbuilding Division and common
targets for IHI’s five shipyards. This movement complied with
the company’s guideline to intensify TQC activity. The six
targets were:

●

●

●

●

●

reduce casualty frequency  rates,

step up cost reduction activity,

activate small group activity,

improve accuracy and product quality,

reduce losses caused by guarantee work, and

before
manag
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by gro
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This 
often 
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They 
soon 
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● improve management control.

1 Actually, the first priority for all shipyard policies is to improve safety and he
“Product Oriented Safety and Health Management: May 1986.

2 The report format used is called a “Meeting Implementation Report.” See Append
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In Aioi Shipyard in 1984 there were 359 groups engaged in
TQC through small group activity, challenging 400 targets.
The targets could be classified as:

●

●

●

●

●

Cost reduction, 56% of total.

Improvement in productivity, 21 % of total.

Quality assurance, 15% of total.

Upgrade of technical skills, 4% of total.

Others, 4% of total.

Even now in 1986, a group is a team organized to do work
during a specific stage and its leader for QC is someone
selected from the team. Also, some groups consist of two
squads, e.g., one of fitters and another of welders, which
jointly challenge a single target.

A group meeting is held for about one hour each month to
discuss tactics, etc., and usually, the foreman, or sometimes a
staff engineer, will join the meeting to provide guidance.

The substance of the meeting is reported in writing by the
group leader and is endorsed by the foreman or staff engineer

 it is sent to the shop/section manager. The shop/section
er enters comments on the report, which is then returned
 group.z

ost cases, a meeting is held by a single group, but if
are mutual concerns by the crane operators and/or rig-
for example, the meeting is held with more than one
 involved. Decisions to have meetings are usually made
up members, and are sometimes suggested by a foreman

ff engineer.

ecent change in small groups in Aioi Shipyard is the fact
E is being used as a tool to rationalize work processes.

trend is increasing and, consequently, staff engineers are
actively engaged in helping groups achieve their goals.

ore, staff engineers performed VE among themselves.
did not participate in small group activities. But, groups
recognized that expertise was necessary and began to rely
e staff engineers more and more. Now it is part of a staff
eer’s job to participate in small group activities.
alth conditions. See the National Shipbuilding Research Program publication,

ix A.



Due to the presence of staff engineers, almost half of the
groups achieved their targets. Of the awards now given to the
groups, 6% account for excellent prizes and 49% for effort
prizes. Also of the improvement suggestions  submitted, 1%
account for A or B grade, 25% for C grade and 74% for D
grade. The number of suggestions were the highest in three
years, averaging more than 1 suggestion/month/man. TQC
activity in Aioi Shipyard was enhanced by adding VE to the
QC techniques applied in the past. Managers are now quite
convinced that their small group activities can challenge and,
overcome any difficult circumstances that they may face in the
future,

Supplementary information about small group activity in
IHI’s Kure Shipyard is contained in Appendix B which summa-
rized responses to questions made by group leaders. Formats
used by both shipyards are shown in Appendix A.
4.2.2 Examples of Small Group Activity  Reports

An example of a Small Group Activity Report that was for-
mally presented at the company’s Small Group Presentation
Meeting is shown in Appendix C. An additional twenty exam-
ples, prepared by group members, i.e., by workers, for various
other types of work, are given in Appendix D.

4.3 Proposals for Improvement
4.3.1 Procedures to Handle Proposals/Suggestions

Proposals for improvement are powerful means to promote
TQC activity. The number of proposals submitted per unit time
is usually used as a gauge to assess the degree of QCC activi-
ties. Of course, it is a matter of opinion whether the number of
proposals or the quality of proposals is more important. How-
ever, the number is sufficient because it shows the degree that
group members are seriously taking part in increasing
productivity.

The substance of proposals are basically in accordance with
the shipyard, department, section or shop targets and in line
with company policy. Proposal objectives usually include
improvement of work environments, productivity, tools and
jigs, production processes, methods, etc.

Various formats are used for proposals, but, at least, each
format includes space to delineate the substance of the pro-
posal, and, space for management comments. Adoption or
rejection, suggestions for modifications, etc., are fed back to
the proponent. The latter is important, not only for recording
the results of appraisals, but, also, to encourage proponents by
letting them know that their proposals were seriously reviewed
by management.

The format also indicates the route which a proposal goes
through, the name of the assigned reviewer if assessment by
another department is required, etc., to clarify who or which
section or department is responsible for the assessment.
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As the majority of proposals are the result of group discus-
sions, the proponents are represented by group leaders. In
some cases, a report of a group meeting is used instead of a
proposal format.

When a proposal is adopted, the scheduled date to imple-
ment the proposal is also indicated.

The appraisal consists of four grades, i.e., A, B, C and D (A
is the highest) and, in order to assess the proposals fairly and
objectively, standard assessment criteria are established. The
point system consists of the following seven categories:

There are some differences in points between production
jobs and clerical jobs and/or between shipyards. By summing
up the above seven scores, the appraisal grade is divided into
the following ranks:

●

●

●

●

The saving effects on material cost and labor cost.

Savings in design manhours.

Improvement in functional performances.

Effects which are difficult to measure with a scale.



The proposals submitted by group leaders go to a section or
shop manager via a foreman. Most of the proposals are finally
assessed, graded, and adopted or rejected by a section or shop
level assessment committee. Those graded A and B are sent on
for further review at the department level and the shipyard level
assessment committee. Proposals which pass these reviews are
sent to the company’s headquarters committee.

The suggestion system for IHI’s TQC movement is shown in
Figure 4-2.

In the basic design office, design/engineering improvement
proposals” graded A and B are submitted to the basic design
office assessment committee once per month. The office man-
ager acts as chairman, and all senior managers are assigned as
committee members.
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Duri
ng the ten month period, from June 1982 through March
1983, the number of proposals for IHI’s basic design office and
the assessed grades were:

Grade Number of Proposals Percentage (%)
A 2 1  
B 60
C 285
D . 338

The average proposal rate was 0.61

3
9

40
48

proposals/month/man.
S T R A T E G I C  T A R G E T



5.0 PERVASIVE EFFECTS
5.1 QCC Activity and its Pervasive Effects

The basic philosophy of TQC is to have every employee of
the company, from top management to workers, participate in
QC activity involving sales, design, material management,
etc., as well as production, to meet customers’ needs which are
becoming more and more diversified and sophisticated. By
conducting QC as company-wide activity, a company can gain
many advantages, such as, improving and stabilizing product
quality, improving productivity, reinforcing the company’s
capabilities, increasing standardization, and raising the morale
of employees.

Further, through TQC, the traditional management and con-
trol philosophy which, more or less, relied on opinion, gradu-
ally changed to a more rational and scientific approach which
puts more emphasis on analysis of data. This enables manage-
ment to give more precise and concrete guidance and instruc-
tion to their workers and, consequently, to get better response.
But even in Japan, where TQC is practiced, there are com-
plaints from some managers who feel that, by putting too much
emphasis on data, management resiliency is being impaired.
QCCS are primarily applied for improving the manufacturing
system, but in doing so, they achieve quality improvement,
cost reduction, and improved human relations, safety, etc.,
which cannot be ignored. Even though the idea did not arise
from labor policies, respecting man’s life and dignity is the
basic spirit underlying QCC activity. Therefore, QCCS are
appraised by their influence on small groups which led them to
study and analyze facts, and their influence which led them to
broadened and upgraded management and control capacity.
Also, through QCC activity, the spirit of participation and
spontaneity has been infused among employees. QCCS, as a
management initiative, has raised the consciousness of people
to participate and cooperate in group movements. In promoting
TQC, it is most important to analyze what targets or goals
should be set and what methodology would best suit the com-
pany’s operation. When attention is paid to these consider-
ations, experience indicates that TQC activity can be very
successful.
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The objectives of QCCS can be summarized as:

● To upgrade the leadership and management capabilities of
production front-line supervisors.

. To raise the morale of production workers, and foster in
them a spirit of participation and spontaneity concerning
problem solving.

● To nurture capabilities to prevent recurrences of problems
and the capabilities to standardize processes, determine
check methods, control methods, etc.

● To eliminate problems by jointly using QC tactics with
groups from upstream and downstream processes.

● To foster consciousness of constant problem seeking and
improvement in management.

To achieve the above objectives, it is essential to:

. Dig out potential problems and solve them by utilizing the
QC way of thinking. To do so, QC education for the entire
organization is required.

● Let potential problems be exposed to and analyzed by
various levels and viewpoints. This requires people to
appreciate facts for evaluating what is right or wrong. For
example, a quality product may cost more to produce, but
often results in savings due to less rework and/or less
guarantee work.

The positive effects of QCC activity are reflected back to the
company when each individual finds work problems and tries
to solve them as a matter of routine. This spontaneous response
also develops human resources and contributes strength to the
company.



The benefits of QCC activity, proven by experience in IHI
shipyards, are:

● Better safety records.

. High quality and less claims.

. Employees have more consciousness in cost and quality.

. Employees become more eager to educate themselves.
More suggestions for improvements are proposed.

. Better relationships between management and labor.

● Employees acquire more pride and confidence in
their jobs.
5.2 Precautions for Promoting QCCS

There are potential pitfalls in promoting QCC activity. The
following are typical problems that could be encountered:

. Extraordinary management skill is required to impose
QCC activity as a compulsory top-down movement with-
out destroying autonomous and spontaneous group
behavior.

● Traditionalists will ask, “Why is QCC activity needed?”

. Unrealistic policies and targets will discourage workers.

. Inadequately trained group leaders can discourage group
members.

● Inadequate time allowed for group activities can be inter-
preted as a management half-hearted effort.
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● Small group activity not tied in with routine work will
cause conflicts and/or confusion.

. Inadequate data will cause group activity to diminish.

● Themes that become meaningless can cause   disinterest.

● Ambiguous QCC promotion activity can cause disinter-
est.

. Education is inadequate. It is said that QCC activity starts
from education and ends with education, meaning that
education must be repeated incessantly. Even after QCC
activity has been introduced, it is sometimes necessary to
enlighten all employees of what quality control is sup-
posed to be, and re-educate them concerning the objective
and necessity for QCC activity.

. Appraisal efforts are misdirected. The appraisal system
for improvement proposals, should appreciate how a
group is challenging routine problems, rather than just
appraising its results. The appraisal effort should also rec-
ognize the individual who contributed most to a proposal.

. The attitudes of the managers may be problems. Managers
and supervisors are very important in stimulating QCCS.
As QCC activity is more or less endless, it is essential to
constantly devise ways to encourage worker participation
by management displays of sincerity, effort, zeal, and
human respect.

. Top managers could be  impatient. Top managers must be
committed to avidly fostering QCC activity on a perma-
nent basis with due regard for its analytical nature. Sys-
tems have to be put in place to collect good data; people
have to be educated in analysis methods.
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32 IMPLEMENTATION PLANNING SHEET

AFFILIATION GROUP NO.
NO. OF
MEMBERS

W  O F  G R O U P  L E A D E R S M s F

DEPT. SECT. JOB

TARGET ITEMS

NAMES OF MEMBERS

OPINION OF AFFIL IATION CHIEF
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THE PRESENT SITUATION OF THE 3Z ACTIVITY

(FROM THE QUESTIONNAIRE TO THE GROUPS LEADERS)

THE NUMBER OF GROUPS (THE NUMBER OF ANSWERS) =319

Q.HOW MANY PEOPLE ARE THERE IN YOUR GROUP?

ANS . 10 20 30 40 50 60 70 80 90 100

2 ~ 4 46

7 60

8 40

9 29

10 20

1 1 - 40

Q.HOW DID YOU DECIDE THE PRESENT GOAL IN YOUR ACTIVITIES?

ANS . (1) BOSS’S OPINION

(2) MEMBER’S OPIN ION

(3) GROUP LEADER'S OPINION

I (4) DISCUSSION AMONG MEMBERS BOSS’S ADVICES

(5) WITHOUT KNOWING HOW
NO ANS.

B-1



Q. ON WHAT POINTS DO YOU FOCUS IN DECIDING THE GOALS OF

YOUR GROUP?

ANS . (1) WORK EFFICIENCY

(2) QUALITY OF W O R K

(3)  THE TIME OF DELIVER

(4) IMPROVEMENT OF MORAL

(5) SAFETY OF WORK

(6) REDUCTION OF PRODUCING COST

(7) ESTABLISHMENT OF PRODUCTION MANAGEMENT SYSTEMS

(1) (2) (3) (4) (5) (6) (7) 2.0 (12)

40.9 19.8 7.0 16.5 5.2 5.4
(250) (121 ) (43) (101) (32) (33) 611

Q. AT THE BIGINING OF YOUR GROUP ACTIVITIES, DO YOU R E C O G N I Z E

THE STATUS QUOTE THROUGH ANALYZING DATA OBJECTIVELY WHICH

ARE COLLECTED IN YOUR DAILY WORK?

ANS . (1)  ALWAYS

(2 )  ALMOST

(3) S O M E T I M E S

(4)  NEVER NO ANS.
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Q. (TO PEOPLE WHO CHOOSE (1) OR (2) OR (3) IN THE PREVIOUS Q.)

WHAT KINDS OF METHOD DO YOU USE IN ANALYZING THOSE DATA?

ANS . (1) PARETO DIAGRAM

(2) CHARACTERISTIC-FACTOR DIAGRAM (FISH BONE DIAGRAM)

(3) CHECK SHEET

(4) GRAPH

(5) PROCESS CONTROL DIAGRAM

(6) DIAGRAM WITH KJ METHOD USED

(7) SYSTEMATIC DIAGRAM

(8) ETC.

(1) ( 2 ) (3) (4) (5)(6) (8)

9.5 14.1 26.5 34.1 6.6 6.8
(39) (58) (109) (140) (27) (28) 411

(7)

Q. WHAT SORTS OF MERIT CAN FIND IN THE 3Z ACTIVITY?

(TWO ANSWERS PER A HEAD)

ANS . THE 3Z ACTIVITY ENABLES YOU.

(1) TO DEVELOP YOUR SKILL AND KNOWLEDGE.

(2) TO DISPLAY YOUR OWN ORIGINALITY AND ABILITY.

(3) TO DEEPER MUTUAL UNDERSTANDINGS AMONG YOUR

GROUP MEMBERS.

(4) TO DEEPER COMPREHENSION AS TO YOUR JOB.

(5) TO TAKE CONFIDENCE IN YOUR JOB.

(6) TO WORK WITH SAFETY , EFFICIENCY AND THOROUGHNESS.

(7) TO HAVE GOOD TEAM SPIRIT WITH CO-WORKERS AND

A BRIGHTER WORKING ENVIRONMENT.

(8) TO CULTIVATE LEADER-SHIP IN YOUR GROUP ACTIVITIES.

(9) TO RECOGNIZE YOUR ROLE AND RESPONSIBILITY

CLEARLY IN YOUR JOB.

(10) TO GET POSITIVENESS TOWARD YOUR JOB BECAUSE OF

ITS INDEPENDENT POLICY.

(1) ( 2 ) (3) (4) (5) (6) (7) (8)(QK1O) 1.0(6)

9.1 21.9 18.8 22.2 9.6 5.0
(53) (127) (109) (129) (56) (29) 581

T
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APPENDIX C
An Example of a Small Group Activity Report



INTRODUCTION OF GROUP

THEME OF
PUBLICATION

QC ON ELECTRICAL OUTFITTING WORK

BELONGS TO AICHI YARD PRODUCTION DEPT.
ELECTRICAL OUTFITTING SECT.

NAME OF PERSON
MAKING PUBLI- KAZUHEI MIMURA JOB GROUP

CATION
POSITION LEADER

NAME OF GROUP MIMURA GROUP NO. OF GR. 5
MEMBERS

GROUP STARTED
PERIOD OF

APR. 1982 SOLUTION 6 MONTHS
OF THEME

INTRODUCTION OF THE DUTY OF THE GROUP:

MIMURA GR. IS ONE OF GROUPS BELONGING TO THE ELECTRIAL OUTFITTING SEC., AND PERFORMS
OPERATIONAL ADJUSTMENT FOR ALL ELECRICAL OUTFITTING AND INSTRUMENTATION EQUIPMENT
OF REPAIR SHIPS, PLANTS, OFF-SHORE STRUCTURES, ETC. THIS GROUP STARTS ITS ACTIVITIES ABOUT
THE TIME WHEN A PROJECT IS NEAR TO COMPLETION. IT PLAYS THE ROLE OF MAKING OVERALL
CONFIRMATION OF OPERATION OF MOTORS AND SWITCHBOARDS FIRST OF ALL, AND PERFORMANCE
OF VARIOUS KINDS OF ALARM DEVICES, INSTRUMENTATION EQUIPMENT, ETC., AND DELIVERING
THEM TO CUSTOMERS. ACCORDINGLY, THE HIGH LEVEL TECHNICAL SKILLS OF THE GROUP GAINS
TRUST OF CUSTOMERS. THE GROUP TAKES A GREAT PRIDE IN ITS REPUTATION.
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THOROUGHGOING  QC ACTIVITIES FOR THE
ELECTRICAL OUTFITTING SECTION

I GROUP ORGANIZATION: I

GROUP MEMBERS 5 PERSONS

AVERAGE AGE 36 YEARS
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REASON FOR THE THEME SELECTED

SECT. MANAGER’S POLICY

OUT AND OUT WINNING
ELECTRICAL OUTFITTING.

● SAFETY I









UNDERSTANDING PRESENT STATE

IN THE GROUP —

FEEDBACK IS PRACTICED

CHECK OFF ON SYSTEM DIAGRAM IS NOT PRACTICED

DEFECT DATA NOT OBTAINED

Y
I

ANALYSIS OF DEFECT RATE OF,







RESULTS RELATIVE TO TARGETS WERE (SORRY TO MENTION)

1. EXTENSION ALARM (20 H)

2. AUTO SLOW DOWN (18 H)

3. BLACK OUT TEST (30 H)

REASONS: 1 AND 3 WERE DUE TO  STOCK ARTICLES.

2 WAS DUE  TO MANY REVISIONS MADE AFTER
INSPECTION IN SHIPYARD._.

REJECTION RATE WITH ALARM CHECKS AS BASIS:

3 CHECKS
324 CHECKS x 100 = 0.9%

REJECTION RATE WITH MAN-HOURS USED AS BASIS:





COUNTERMEASURES FOR THE FUTURE

/
APPROACH

) The sources of nonconformance, such as for Firm A, are notified through appropriate
managers. Commensurate with seriousness of nonconformance, managers meet with
engineering and purchasing people and discuss resolution which could include banning
products of a particular supplier regardless of low material prices.

If there are no other. supply sources available, people who are involved in buying, handling,
inspecting, and installing, are warned to be particularly careful with material supplied by firms
such as Firm A.





COUNTERMEASURES AT SITE

OPERATE MACHINERY IN CONFORMANCE WITH INSTALLATION MANUALS
AND THE TEST PLAN.

● STRENGTHENING CHECKS OF DRAWING AND MATERIALS.
● EARLY DISCOVERY AND HANDLING OF PROBLEMS.

LEAD SUPPLIERS’ COMPANIES REGARDING REQUIRED TECHNICAL SKILLS.

● STUDY MEETINGS.
● OPERATIONAL IMPROVEMENT AND ELIMINATION OF WASTE.

I I
DO NOT REPEAT SAME MISTAKE

● OPERATIONAL STANDARD WILL BE OBSERVED TO AVOID
INADVERTENT ERRORS

● CASE STUDIES WILL BE UTILIZED AND FED BACK
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ELECTRICAL OUTFITTING

FROM NOW ON, MORE LIVELY TQC ACTIVITIES CENTERING
AROUND GROUP MEETINGS WILL
OUT EFFORTS WILL BE MADE FOR

IN ELECTRICAL OUTFITTING,

BE DEVELOPED
OUT AND OUT

AND ALL
SUCCESS
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Case

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

APPENDIX D

Examples  o f  the  Ac t iv i t i e s  o f  Ana ly t i ca l  Qua l i ty  C i rc les

in IHI Shipyards

T a r g e t

Improve Efficiency of Plate-Joining Process

Improve Efficiency for Assembling Tank Blocks

Reduce Block Assembly Costs

Reduce X-Ray Inspection Defect  Rate for  Plate Joining

During Erection of LPG SNO . 2922 Reduce X-Ray Inspection Defect Rate

Obtain Improved X-Ray Inspection Results for

Save Thermal Energy

Improve Distort ion Removal Efficiency

Reduce On-Board Welding Man-Hours (Machinery

Reduce Lost Work and Time on the Medium- and
Fabr ica t ion  L ine

Erection Welding

F i t t i n g  S e c t i o n )

Large-Bore Pipe Piece

Challenge Welding Efficiency (Hull  Fabricat ion Shop)

Reduce  Tempora ry  F i t t ing  P ieces  (dogs ,  c l ips ,  e t c . )

Improve Efficiency for Fit t ing Make-Up Pipe Pieces

Improve Observance of Compartment Hot-Work Scheduled Completion
Dates (Deck Fit t ing Section)

Perform Deck Covering Work Within Budgeted Man-Hours

Reduce Budgeted Man-Hours (Accommodation Fitting Section)

Reduce Budgeted Man-Hours (Painting Section)

Improve Conformance With Drawing Issue Dates

Reduce the Number of Elbows in Pipe Systems

Cut Back Design Man-Hours
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CASE No. 1 (1 of  3) Subassembly and Assembly Section

Targe t :  Improve  Ef f i c iency  o f

1. Summary

In our Group. subassemblies

P l a t e - J o i n i n g

are made from

Process

pa r t s  p rev ious ly  cu t  by  the
H u l l  F a b r i c a t i o n  S h o p  f r o m  p l a t e s  a n d  s h a p e s .  W e  a r e  e n g a g e d  i n  f i v e  k i n d s
of  opera t ions :  p l a t e -a l ignment  and  t ack  we ld ing ,  one - s ide -au tomat i c  we ld ing
(FCB Union) ,  p i ece  ins t a l l a t ion  and  f in i sh ing ,  mark ing ,  and  gas  cu t t ing .

2 .  Se lec t ion  o f  Targe t

All  Group members met and decided to select  a  theme along the l ines of  the
Section's  target  (Reduce the Section's  Budget  by XX%) and to review our
opera t ions  fo r  the  f ive  k inds  o f  work . As  a  r e su l t ,  i t  was  de te rmined  tha t  a
problem exists  because t ime is  dispersed between the different  work
processes so as to prevent  uniform work f low.

3 .  Cur ren t  S ta tus  Ana lys i s

Study of  past  work disclosed that  for  2-seam (3-plate)  panels  tack welding
consumed an average of 3.5 man-hours (H),
3.3 H, marking 2.3 H, and gas cutt ing 2.0
man-hours consumed was 14.5 H and as each
efficiency was rated as (16 M x 2)/14.5 H

FCB Union welding 3.4 H, finishing
H. Thus, for each panel, the total
seam length was 16 meters (M),
= 2.2M/H.

4.  T a r g e t  S e t t i n g

Tack welding and FCB Union welding, which could be expressed in meters,
were considered as the
process .  On  th i s  bas i s
decision was made that
of 2.8 M/H (up 27%) would be our target. In other words, uniform flow was an
ideal objective, but for the time being something less was practical.

main work flow and 2.0 H was allocated for each work
efficiency would be 32 M/(2.O H x 5) = 3.2 M/H. A
as a starter, something less, i.e., an efficiency

5. Problems Identified and Countermeasures

The Group brainstormed and identified problems using a Fishbone Diagram.
Decisions were made about which problems were to be assigned to Group mem-
bers and which were to be sent to management as suggestions for improvement.
Improvements made included: a card method for a seam control system, a date
control method, and a block setting jig.

6. Effects

Because of the countermeasures , an efficiency of 2.6 M/H was obtained on
the seventh vessel (up 17%).

7. Future Problems

Problems to be handled next include: reduce waiting time for carriages and
cranes, and special attention to low efficiency blocks.
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CASE No. 2 (1 of 4) Subassembly and Assembly Section

Target: Improve Efficiency for Assembling Tank Blocks

1. Process Summary

The processes performed by our Group range from marshaling required parts
and subassemblies  to f inal  assembly of  blocks.

2. Selecting and Setting a Target

As a consequence of the Section target (Reduce Costs), our Group held a
conference and decided to address all blocks, but as a Pareto analysis
clearly showed that bottom blocks account for 60% of our work we emphasized
bottom-block production accordingly. The target was set to achieve a 10%
increase in efficiency for SNO. 2922 as compared to producing tank blocks
for the ship previously constructed.

3. Identifying Problems

The Group employed a Fishbone Diagram to identify problems.

4. Establishing Countermeasures and Executing

Countermeasure plans were organized, e.g., review operational steps,
suggestions for improvement, improve processes, and requests for cooperation
from other groups (improved feedback).

5. Effects

Special jigs and a methods manual were prepared resulting in accelerated
work without people working harder. Also, the volume of suggestions submit-
ted by Group members increased to 2.025 suggestions/month/person over a six
month period. In addition, because of better feedback to the Hull Fabrica-
tion Shop, our rework of parts during the framing stage reduced from 55% to
42%, and during the block assembly stage from 65% to 51%. As a result, we
increased our efficiency by 11% so as to exceed our target by 1%.

6. Future Themes

In the future we plan to monitor the accuracy of parts and provide
improved feedback to the Hull Fabrication Shop. Also, we will continue to
meet to study all stages of operations from material marshaling through
final block assembly in an attempt to further increase efficiency.
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CASE 3 (1 of 3) Subassembly and Assembly Section

Target: Reduce Block Assembly Costs

1. Summary of Process

Our Group consists of eight fitters and eight welders and all understand
that block assembly is very closely linked to hull erection. Thus any at-
tempt to reduce costs has to consider the costs of erection processes.

2. Setting a Target Value

In the past fitters and welders were separately organized. Each was con-
cerned with their  own processes to the exclusion of the other 's .  Now that
cost  per  product  is  paramount,  our Group is  organized with both f i t ters  and
welders as a single team. Also, because of  the potential  to impact  on
e rec t ion  cos t s ,  we  usua l ly  pa r t i c ipa te  a s  members  o f  a  jo in t  g roup .  Jo in t
scheduling and methods of  operat ion are necessary for  improvement.  I t  was a
joint  group which decided to chal lenge block assembly costs  in order  to
achieve a reduction of 10% as compared to man-hours expended for the pre-
v ious  ves se l .

3. Problems Identified, Planning, and Execution

Group members developed a Fishbone Diagram to identify problems and their
relationships. Particular attention was given to the method of operation for
block assembly. Discussions centered on balanced operations, timing,
adequate numbers of workers, etc. It was decided to assign responsiblity for
studying operations for assembly work by block types, i.e, an individual
would be concerned with operations concerning one block type. The decision
also addressed need to review and change such operations from time to time.
Another decision made was to increase the rate of usage of C02 semiautomatic
welding. And, to ensure that defects are recorded and fed back properly, a
person responsible for data recording was assigned.

4. Effects and Countermeasures

Depending on block types it is possible to fix processes in order to
achieve a good balance of erection fitters and welders. This also involved
discussions with design people. Development of methods for easier operations
have particularly centered on erection welders. Design details were modified
to make more use of the C02 automatic welding machines which make it possi-
ble to accurately record the usage of welding wire per day per operator. Each
operator suddenly developed quite an awareness of efficiency. For SNO. “5”,
the rate of usage of C02 automatic welders reached 60% of all welds. With
individuals assigned by block types, man-hour data was recorded block by
block and anything out of normal became quickly obvious so that remedial
measures could be applied quickly. As indicated on the accompanying,,graph,
for SNO. “4” man-hours were reduced by 11.1% as compared with SNO. "1".

5. Future Theme

Group activities as described in the foregoing will be continued and
challenging targets will continue to be applied.
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CASE 3 (3 of 3) Subassembly and Assembly Section

AN EXAMPLE OF DATA RECORD KEEPING TABLE

D A T A  R E C O R D I T E M S P E R S O N  I N

A ) P O R T I O N  O F  C O R R E C T I O N  D U E  T O  F A U L T Y  A C C U R A C Y A

B ) PORTION OF CORRECTION DUE TO MISSFABLICATION B

C) WELD LENGTH MADE BY C 02 SEMI AUTOMATIC WELDING C

D) ACCUMULATION FO ASSEMBLY HOURS; PROCESS
NONCONFORMITY ES D

E) LENGTH OF WELD CORRECTION PORTIONS; LOCATIONS
OF WELD LEG LENGTH NONCONFORMITY E

F) NUMBER OF REINFORCEMENT MEMBERS INSTALLED F

G) LOCATIONS OF SCAFFOLDING NONCONFORMITIES G
P . ~ .

AN EXAMPLE OF PROCESS CONTROL

GSU 52

COMPARTMENT NAMES SCHEDULED MANHOURS ACTUAL MANHOURS

F D 52 7 0  H 5 5  H

U 52 3 0  H 3 4  H

GSU 52 2 5 0  H 2 3 8  H

LINE HEATING 6 0  H 4 7  H

I3 5  
HIGRINDING I 4 0  

H

I

TOTAL 4 5 0  H 4 0 9  H

AN EXAMPLE OF NONCONFORMITY OCCURRENCE
SECTORS (DURING TWO MONTHS)

NO. OF
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CASE 4 (1 of 2)

Target: Reduce X-Ray Inspection Defect Rate

Subassembly and Assembly Section

for Plate Joining

1. Process Summary

Our Group members are engaged in plate

2. Target Selection

The panels our Group produces are used

joining for panels.

mainly for blocks which comprise
the cargo areas of tankers. We have decided to-focus on improving quality
within our budgeted assembly man-hours. Thus, our target is to reduce
the number of weld deficiencies disclosed by X-Ray inspection.

3. Setting the Target Value

Study of historical records disclosed that the number of X-Ray photographs
showing deficiencies relative to all X-Ray exposures was 6.2% for manual
welding and 3.0% for automatic welding. We decided to set our targets at
3.0% and 2.5% respectively.

4. Analysis, Countermeasures, and Execution

Studies were conducted, problems were identified, and problem relation-
ships with each other were organized on a Fishbone Diagram. Discussion
centered on problem causes and countermeasures. Note was particularly made
of the data which showed increased porosity and slag inclusions. Thus, a
decision was made to pay more attention to drying welding rods at 350-400
degrees Centigrade and afterwards to provide for storage of the rods in a
thermostatically controlled enclosures at 50-70 degrees Centigrade. Also it
was decided that where two-side welding was required, welding of the front
side and the back side would be performed by the same operator to facilitate
identifying causes of a defect and countermeasures. When X-Ray examinination
discloses a fault, a discussion is to be held promptly between the operator
responsible and the assistant foreman to identify the cause and apply a
remedy. It was also decided that at each monthly meeting experiences will be
exchanged concerning causes, countermeasures, and results.

5. Effects and Reflection

As a result of efforts applied steadily over a 5-month period, the X-Ray
disclosed fault rate decreased to 3.26% (49 out of 1,505) for manual welding
and to 2.56% (8 out of 313) for automatic welding. The new procedures
identified poor performance for the following blocks:

3BC1 10.7% ( 3 out of 28)
3BS1 25.0% ( 6 out of 24)
4BS3 13.3% (12 out of 90)

Conceivable causes for the latter pertain to preparations, such as weld
gaps and tack welds. As insufficient operator skill is also conceivable,
more education, training , and guidance is necessary. In particular, many
defects created by automatic welders were in curved portions of plates.
Thus, a special study of this problem was suggested to management. Group
members are still striving to meet their original target.
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CASE 5 (1 of 3) Erection Section

Target: During Erection of LPG SNo. 2922 Reduce X-Ray Inspection Defect Rate

1. Process Summary

Our Group is in charge of accuracy control, but also performs X-Ray
inspection of erection welding with special attention to major joints.

2. Setting a Target

In line with the shipyard target to reduce X-Ray disclosed defects to
below X% on the next LPG vessel to be constructed, our Group concentrated
on the work being performed by about 70 welders. Special attention was paid
to the cargo area which requires especially high-quality welds.

3. Setting a Target Value

During analysis of the deficiencies which occurred when building LPG SNo.
2865, eight months before, a Pareto Diagram disclosed that porosity
accounted for 50% of the deficiencies and the remainder were due to various
other causes, each by significantly lower amounts. With the firm belief of
being able to reduce porosity defects by 50% and all other defects
collectively also by 50%, targets were set accordingly as 50% of those
experienced during construction of SNo. 2865.

4. Analysis of Problems

Group members got together, prepared a Fishbone Diagram which identified
problems and their relationships, and exchanged opinions. Conclusions
reached were that porosity might be attributable to faulty application of
weld sequences and poor fusion might be attributed to improper edge prepara-
tions. Also, slag inclusions called for attention to electric-current
values.

5. Planning Countermeasures and Execution

As a result  of  analysis  of  causes,  i t  was decided to:  (a)  conduct  t raining
to  educa te  we lde r s  on  the  bes t  r ange  o f  cu r ren t  va lues  fo r  th in  p la t e s ,  (b )
prepare a manual  prescribing correct  edge preparat ion and rods to be used
fo r  each  we ld ing  pos i t ion ,  and  (c )  appo in t  spec ia l  gap  checkers  exper t
enough to guide erect ion workers.

6. Conf i rmat ion  o f  Ef fec t s

As a result  of  the countermeasures, compared with the preceding ship,  the
deficiency rate reduced from 4.46 to 1.92.  Also,  rework due to porosity was
reduced from 2.20% to 1.30%, faulty fusion from 1.07% to 0.18%, and slag
inclusion from 10.0% to 0.39%. Regarding efficiency,  an increase of 14% was
ach ieved .

7. Themes for the Future

W h i l e  exper i enc ing  a  dec rease  in  quan t i ty ,  because  o f  r educ t ions  in  o the r
types  o f  de fec t s ,  po ros i ty  now accoun t s  fo r  70% of  to ta l  de fec t s .  Thus ,  in
the  fu tu re  a l l  Group  members  wi l l  concen t ra te  the i r  e f fo r t s  accord ing ly .
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CASE 5 (2 of 3) Erection Section
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CASE 6 (1 of 4) Erection Section

Target: Obtain Improved X-Ray Inspection Results for Erection Welding

1. Summary of Process

Our Group of 10 people is one of the groups that perform erection welding
operations. Welding experiences of our members range from 3 to 15 years.

2. Selection of Target

All members of the Group met to discuss the Section’s theme (Improve
Quality). It was decided to follow this theme by focusing attention on
advancing all members’ skills, eliminating rework, and adhering to daily
schedules. It was agreed that improved X-Ray inspection results would be our
theme.

3. Sett ing the Target  Value

Review of pertinent history from the last ship constructed disclosed a
deficiency rate of 7.7%. All members agreed in setting a target value of 5%
for the first half of 1985 and 3% for the latter half of 1985.

4. Understanding Current Status

In order to acquire more understanding, data was collected from previous
ships by kinds of defects, compartments, individuals responsible, etc. The
data was carefully studied by all members. The studies disclosed that the
difference in skills among members was greater than anyone had suspected
and that the bottom and main decks were relatively high in deficiencies.
Also, it was found that there are differences in deficiency rates occurring
between automatic and semiautomatic welding.

5. Analysis of Problems

Because of the findings, priority was given to the elimination of defi-
ciencies in the bottom and main deck. Group members identified problems and
established their relationships on a Fishbone Diagram.

6. Countermeasures and Execution

Discussions were conducted with the Erection Section people who have
responsibility for whatever block trimming is required before blocks are
landed in a building dock. Decisions were made to: (a) make more use of
automatic cutters in order to improve gap accuracy, (b) minimize the use of
temporary members (clips, dogs, etc.) and when necessary specify that their
attachment shall be on the side away from the welder, (c) upgrade worker
skills, (d) post actual results so as to be visible to all members, (e)
display result charts according to individuals, (f) when deficiencies occur
discuss causes and countermeasures through personal interviews, and (g)
share in checking the results of countermeasures and keeping records.









CASE 7 (1 of 4) Maintenance Shop

Target: Save Thermal Energy

1. Process Summary

Our Group is in charge of all power services within the shipyard less
electricity. We are responsible for the maintenance and operation of
facilities and installation of terminals as required to sustain shipyard
operations with gas, compressed air
Closely Relate Supply to Demand.

, water, and steam. Our motto is,

2. Selection of Target and Setting a Target Value

Our Group met to confer on the Shipyard theme, “Execute Energy Saving
Measures”. We adopted the same theme and initiated a study of historical
data. We realized from a Pareto analysis that gas accounted for 23.5% of
total energy costs and that its cost was only exceeded by the cost for
electricity for which another group was responsible. A second Pareto Diagram
disclosed that, of the various types of gas consumed during the year pre-
vious, butane (used to fire the shipyard boilers) accounted for the greatest
cost. Thus, the Group decided it could make its best contribution toward
fulfilling the Shipyard theme by concentrating on butane consumption and
setting a target to reduce cost by 10% as compared with the previous year.

3. Analysis, Countermeasures, and Execution

A Fishbone Diagram was used to organize the Group’s thoughts about ways
to save energy. The consumption records for the previous year for all
butane-use locations were examined. In the order of maximum usage, facilities
were inspected and remedies for more efficient butane usage were applied,
e.g., adjustments, stopping steam leaks, insulating, etc.

4. Effects

As a consequence of the countermeasures, butane consumption was reduced
for both winter and summer seasons. Compared to the preceding year, just
the quantity of butane for the boilers was reduced by 22%. The overall
reduction for the shipyard was 18.9%. We exceeded our target by 8.9%.

5. Future Problems

According to our Pareto analysis, energy consumed for compressed-air
service accounts for the next largest expenditure. We will set a target,
apply the same analysis approach, and respond to countermeasures that sur-
face in hopes of further reducing shipyard energy costs.









CASE 8 (1 of 3) Accommodation Fitting Section

Target: Improve Distortion Removal Efficiency

1. Process Summary

In our shipyard, the Accommodation Fitting Section is responsible for
ground assembly of deckhouses. Our Group is responsible for removing distor-
tion from steel bulkheads and decks after blocks are welded together. In the
past, the same people who fitted and welded the blocks together were also
responsible for distortion removal. This approach made distortion removal a
secondary operation which often caused conflicts with following work teams.
Thus, our group members were assigned to be fully engaged in distortion
removal from ground assembly of each deckhouse to post installation on
board.

2. Selecting and Setting a Target

Since our Group is responsible for distortion removal during a number of
stages, we decided to establish as our first target, “Improve Efficiency of
Distortion Removal During Ground Assembly”. We agreed to aim for a 3%
increase in efficiency.

3. Analysis, Countermeasures, and Execution

At a Group meeting we identified problems, organized them on a Fishbone
Diagram, and proposed countermeasures. Problems with block accuracy and thin
plates were highlighted and details of fabrication and assembly procedures
were investigated. A conference was conducted with people from design and
previous work processes concerning accuracy. Also, a review was made of
bulkhead stiffening and feedback was sent to design for further study. Joint
meetings were also held with groups for ground assembly and painting work.

4. Effects and the Future

The 3.5% increase in efficiency, compared to the previous ship, was
achieved. In the future we will organize to assign responsibility for
maintaining the status of each block to an individual Group member. Also,
the better techniques we developed for removing distortion during ground
assembly, will be applied after each deckhouse is landed on board.







CASE 9 (1 of 2) Machinery Fitting Section

Target: Reduce On-Board Welding Man-Hours

1. Process Summary

Our Group is responsible for welding engine-room fittings on board.

2. Selection and Setting a Target

Our work involves fitting make-up pieces and such other miscellaneous
tasks that could not be finish welded on-unit or on-block. The custom
nature of the work defies the degrees of systematic control that are pos-
sible with other types of work. Thus , in line with the Section target
“Reduce Man-Hours”, we established “Cut Back On-Board Welding Man-Hours” as
our target, and per further discussion in a Group meeting, estimated that a
5% reduction was possible. It was also decided that man-hours would be con-
trolled by ourselves, individually.

3. Analysis, Countermeasures, and Execution

At a Group meeting, we identified problems, drew a Fishbone Diagram, and
organized the problems accordingly. We concluded that each of us had not
been much concerned with operational plans and that we lacked originality.
Thus, we decided that at each Group meeting we would review monthly and
ship-by-ship work plans and estimated man-hours for the Group that are
derived from the Section work plan, with the idea of proposing amendments.
Also, it was decided that for the purpose of eliminating waste in daily
work, a check sheet will be employed and entries will be made daily.

4. Effects and the Future

As a result  of  Group members earnest ly tackling voluntary control  of  man-
hours and demonstrat ing original i ty,  our actual  man-hours were 91.0% of
estimated man-hours (842H/925H) in SNO. 2781 and 91.3% (808H/885H) for SNO.
2789.  For the future we desire to continue to maintain man-hour control
ourse lves  and  t ack le  more  cha l l eng ing  t a rge t s .  For  those  purposes  i t  w i l l  be
necessary to improve certain welding and operat ing methods including some
employed by other groups.  We wil l  also have to focus on el iminating errors
committed by ourselves.
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CASE 10 (1 of 3) Pipe Piece Fabricat ion Shop

Target: Reduce Lost Work and Time on the
Medium- and Large-Bore Pipe Piece Fabrication Line

1. Process Summary

Our Group is in charge of marking, cutting, assembling, welding, and
finishing as required for producing medium- and large-diameter pipe pieces.

2. Selection and Setting Target

Our Group elected to use the same theme employed by the Shop, i.e.,
“Reduce Lost Work and Time”. We aimed at an increase in efficiency of about
20% by expressing as a target our goal to insure that man-hours actually
used should never be more than 1.1 times what the Shop manager budgeted for
us.

3. Countermeasures and Implementat ion

The Group suballocated the Shop manager’s budget to each member. Actual
time used will be summed and compared accordingly. Differences should indi-
cate potential problems that will be studied. At the same time, improved
jigs and fixtures will be considered as basis for lowering the estimates. We
used a Fishbone Diagram to show areas that could be more efficient. Of these
the ones given the most weight were: (a) Attachment Metal Pieces (ells,
tees, etc.) Are Not Available in Time for Pipe Piece Fabrication, (b) Clari-
fication of Operation Responsibility Scope, and (c) Poor Timing of Shop
Fabrication of Branch Pipes Generates Idle labor. Countermeasures were
formulated and put into practice.

4. Effects and the Future

As a result of the countermeasures, it became possible to separate losses
generated by an operator from those due to other causes. This yielded a
better understanding of how work processes were performing. After three
months of operation our target value is about to be achieved. In the future
we will expand our attention beyond the three problems for which we now have
countermeasures in place. We will examine lost time in more detail and
eliminate causes one by one. The data fed back will be used to refine
estimates for future work.
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CASE 11 (1 of 2) Hull Fabrication Shop

Target: Challenge Welding Efficiency

1. Process Summary

Our Group is engaged in fabrication of materials, needed by the Subassembly
and Assembly Section.

2. Selecting and Setting a Target

In selecting our target we carried
problems into two areas, fitting and
certain group members performed only
welding, work flow would be impaired

out an analysis by dividing our
welding. The studies showed that if
fitting and others performed only
with a loss of up to 17%. Thus, we

proposed to eliminate lost time by training all Group-members in the
technical skills needed for both fitting and welding. At the same time, we
decided to challenge our welding efficiency of 5.0 meters/man-hour (M/H),
achieved for the last ship constructed, by establishing a
for the next ship to be constructed.

3. Analysis, Planning, and Implementation

A Pareto analysis applied for weighing welding problems
overlapping is the most frequent problem encountered. The

target of 5.5 M/H

disclosed that
problem was the

subject of a Group meeting and a pertinent improvement plan was formulated
and subsequently put into practice.

4. Effects and the Future

Because of the dual approaches, i.e., developing both fitter and welder
skills in each Group member, and the new practices to minimize overlapping,
we achieved our target in the fifth month. The improved methods will be
incorporated as operational standards. Also, guidance will be given to
individuals every day to continually upgrade both their fitting and welding
skills .

TARGETS ACHIEVED
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CASE 11 (2 of 2) Hull Fabrication Shop
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CASE 12 (1 of 3) Subassembly and Assembly Section

Target: Reduce Temporary Fitting Pieces (dogs, clips, etc.)

1. Process Summary

Our Group is responsible for fitting work, including tacking, during hull
block assembly.

2. Selecting and Setting a Target

Themes set forth by the Subassembly and Assembly Section are: Reduce
Rework, Improve Fitting and Welding Efficiencies, and Save Materials. Our
Group considered as themes: Make Erroneous Tack Welds Zero, Make Flaws Due
to Gas Cutting Zero, Use Welding Rods Until They are 50 mm in length or
Shorter, and Reduce Temporary Fitting Pieces. We selected the latter as a
target. Since we were achieving a weld length of 7 meters for each temporary
piece, we set our target as 12 meters/temporary piece.

3. Analysis and Countermeasures

At a Group meeting, a Fishbone Diagram was prepared. It aided the Group in
determining that the items that should receive the most weight. They were:
Improvement and Use of Jigs and Operations (performing work) After Think-
ing. Accordingly, a review was made of the jigs and tools so far used and
improvements were made to suit current work. At the same, how they were
being used was reviewed and improvements in the manner of their use were
made accordingly.

4. Effects and the Future

As a direct result of Group members concentrating on the problems
identified, a reduction of 25% was achieved for bottom shell blocks. By the
fifth month, the target of 12 meters/temporary piece was achieved.
Simultaneously, efficiency improved. This latter improvement is attributed
to the review of usage of jigs and tools which disclosed the smartest ways
for their use which subsequently were made standards for all members to
exploit. In the future jigs and tools and their use will be constantly
reviewed so that they are always optimum for current work circumstances.

D-35







CASE 13 (1 of 3) Machinery Fitting Section

Target: Improve Efficiency for Fitting Make-Up Pipe Pieces

1. Process Summary

Our Group is in charge of the processes for landing through completion of
outfit units insofar as connections are required to complete pipe systems.

2. Target Selection and Setting

Keeping in mind the Section’s theme, “Reduce Lost Man-Hours”, all members
of tour Group carried a man-hour analysis for our entire operations. As a
result we found that man-hours associated with make-up pipe pieces account
for the greatest proportion. We selected
target value, results from the past were
2.40 man-hours (H) were used per make-up
2.16 H, a 10% reduction, as a challenge.

3. Analysis and Countermeasures

our target accordingly. As for a
investigated and it was found that
pipe piece. We then established

The Group divided our operation and prepared a table of operational steps.
Among all parts of the operation, finishing a make-up pipe piece and prepar-
ing a mock-up of the piece account for 35% and 31% of our man-hours respec-
tively. Our studies produced agreement that there will differences because
of different manners of operation by different individuals and that time is
consumed in installing and removing temporary bolts. Countermeasures were
established.

4.Effects and the Future

Now, as soon as blocks outfit units are landed on block or on board, and
as soon as blocks are joined to create grand blocks or are erected, mocks
are made and requests for manufacture of make-up pieces are submitted. This
new emphasis provides quicker availability and installation of make-up pipe
pieces. As the application of blank flanges before launching is just about
totally eliminated, the target value was achieved. Our operation manual will
be constantly reviewed and improved to ensure that it is optimum for current
work. In order to minimize the time required for receiving a pallet and
checking and arranging its contents, mock-up dates required by the Pipe
Piece Manufacturing Shop in order to meet pallet need dates, will continue
to be emphasized. In other words, every effort will be aplied to insure that
make-up pieces are fitted as early as possible.
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CASE 13 (3 of 3) Machinery Fitting Section

 POINTS AT ISSUE UNDER CHALLENGE

1. DIFFERENCE IN OPERATIONAL PROCEDURES EXISTS.

1) ALL BOLT HOLES OF MOCK FLANGE ARE USED AND TIGHTENED.

2) GAS OPERATION DUE TO CUT BY MATCHING IS PLENTY.

3) FULL WELDING IS PERFORMED.

4) MOCK FLANGE DOWELLS ARE FLOWN. (WARPING OCCURS, HOT)

2. MAINTENANCE OF BOLTS AFTER REMOVAL IS FAULTY.

<COUNTERMEASURES >

     PERFORM TIGHTENING WITH O N E  H A L F  O F  T H E  N U M B E R  O F  M O C K  F L A N G E  B O L T

HOLES.

      AVOID PRACTICING OF STRAIGHT JOINT BUT, USE WASTE MATERIAL AFTER

LAP JOINT.

      MANAGE TO REDUCE TIME THROUGH PRACTICE OF TAP WELD.

   UTILIZE ANGLE PIECE, ETC.

2 )  D U R I N G  M O C K  R E M O V A L  O P E R A T I O N  U T I L I Z E  S M A L L  I T E M S  C O N T A I N E R ,  E T C . ,  A N D

KEEP BOLTS AT MAINTAINED AT SPECIFIED LOCATION.

 E F F E C T S
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CASE 14 (1 of 2) Deck Fitting Section

Target: Improve Observance of Compartment Hot-Work Scheduled Completion Dates

1. Process Summary

Our Group is in charge of on-board installation, adjustment, and operation
of machinery outside of the machinery space (winches, cranes, etc.)

2. Target Selection

Our Group’s theme is consistent with our Section’s, “Reduce Lost Work”. We
established as a challenge “Improve Observance of Compartment Hot-Work
Scheduled Completion Dates” for better assuring that no hot work would be
performed after other work, such as painting, started.

3. Analysis and Countermeasures

Problems were discussed by Group Members and a Fishbone Diagram was pre-
pared. Based on the diagram, we decided that “Careless Reading of Drawings”
was the problem to be given top weight. The number of “pick-up” items
obtained from the history of the preceding ship. Each was studied and the
following countermeasures were put into practice: (a) Before work is per-
formed, work instructions, drawings, etc., are studied thoroughly. Immedi-
ately after completion of work, checks are made with an assistant foreman
present. (b) When each material pallet arrives, it is carefully checked to
assure that it is complete per its material list (MLF). Notices of missing
materials are handled promptly. (c) Performance from each preceding ship
will be studied and kept in mind before work starts. Also, schedules are now
installed in each compartment advising concerned people, especially paint-
ers, of expected completions of pick-up items and hot work.

4. Effects and the Future

As a result of the above measures, the number of pick-up items reduced
from 53 in the preceding ship to 28. At the same time, the efficiency for
on-board fitting operations improved by 8.5%. In the future we will
continue to challenge the same theme until pick-up items are completely
eliminated.





CASE 15 (1 of 2) Accommodation Fitting Section

Target: Perform Deck Covering Work Within Budgeted Man-Hours

1. Operation Summary

Our Group applies composition material and tile to decks of accommodation
spaces.

2. Selection and Setting a Target

Our Group selected “Observing Budgeted Man-Hours” in line with our
Section’s theme, “Observe Each Ship’s Budgeted Man-Hours”. Based on a review
of our past performance, we decided to set 0.45 man-hours/square meter as a
challenge.

3. Analysis and Countermeasures

At a Group meeting, factors that impede improvement were analyzed with the
aid of a Fishbone Diagram. It was found that in many cases we performed work
with inadequate planning. Hence, it was decided that man-hours will be
allocated by individual compartment to facilitate control. Also, it was
decided to issue an Operation Instruction Sheet to each Group member. 

4. Effects and the Future

As a result of the countermeasures, improvements were obtained gradually.
But, the following problems continue: (a) Material movements are frequent.
Movement should be made by pallets; jigs should be developed for lifting
cement materials to the top of power mixers. (b) Adhesive materials clog
hoses. A hose cleaning system is required. (c) Methods for applying
insulation materials to bulkheads and overheads are not uniform. All
application methods are being studied and the most effective will be used.
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CASE 16 (1 of 3) Accommodation Fitting Section

Target: Reduce Budgeted Man-Hours

1. Process Summary

Our Group performs carpenter work in accommodation spaces, i.e.,
application of insulation materials, installing lining boards, installing
furniture, etc.

2. Selecting and Setting a Target

In the past our Group used to focus on only one part of our operations,
set a target, and challenge it. Now, for the purpose of contributing to the
realization of our Section’s target, “Reduce Lost Time”, we are addressing
the overall man-hours assigned to us. We set a challenge for a 5% reduction.

3. Analysis and Countermeasures

At a Group meeting, we decided to sum lost time by various types of work
in order to facilitate comparisons. Operation Analysis Check Sheets were
prepared and assigned to Group members to make entries. The check sheets
addressed: (a) preparatory operations, (b) principal operations, (c) lost
time, (d) incidental work, and (e) time allowed to the nearest minute.
Analysis showed that cutting operations (trimming materials) accounted for
the greatest lost time, 22%. Countermeasures were established. Panels are
now finish cut before they are landed on board. As compared to before, they
are now cut slightly undersized and a wider molding is used to cover the
edges after they are fitted. Openings for electric wiring are also cut
before panels are landed on board and marked to facilitate on-board cable
pulling. Improved feedback is now achieving more pertinent attention from
design, fabrication subcontractors, etc.

4. Effects and the Future

On the third vessel built
after our check sheet system
started, we just about achieved
our target. In addition to
continuing checks of our own
work, we plan to do more to
arrange materials before work
starts, provide better distri-
bution and transportation, re-
spond faster to damage inci-
dents, etc., all of which are
intended to further reduce man-
hours.

I

. .

B U D G E T  

T

\
’
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Painting SectionCASE 17 (1 of 2)

Target: Reduce Budgeted Man-Hours

1. Process Summary

Our Group paints tank holds and upper-deck spaces.

2. Selecting and Setting a Target

At our Group meeting we decided as a challenge to reduce budgeted man-
hours for all compartments by 10%. The reason for addressing all compart-
ments, was to involve all members of our Group.

3. Analysis and Countermeasures

We reviewed our operations for work in previous ships and made notes of
what could have been done more efficiently. Our discussions then indicated
that we should apportion our budgeted funds and scheduled time compartment
by compartment. Discussions also indicated that we should do an advance
check of pick-up for work which other groups are responsible, particularly
hot work, as one way to minimize painting rework. Also, we decided that we
should standardize our operations and be alert to change the standards when
improved methods come along and when the nature of work changes. Thus, we now
are: (a) perfecting compartment by compartment budget and schedule control,
(b) checking for other groups’ pick-up items before painting starts,
(c) painting a tank and the deck of the compartment above at the same time
(this helps insure that no hot work is taking place above when we are work-
ing below), and (d) changing the timing for removal of scaffolding within
tanks and establishing better methods for repainting damaged surfaces.

compartment basis . I
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CASE 18 (1 of 1) Design Department

Target: Improve Conformance With Drawing Issue Dates

1. Process Summary

Our Group performs detail design for engine-room piping.

2. Selecting and Setting a Target

To say the least, delays in issuing drawings in the past annoyed others.
Improving our compliance with drawing issue dates is becoming more difficult
because the current market is for more complicated ships of different types
and for diverse end products other than ships. Thus, our Group decided to
challenge compliance with drawing issue dates. The parameter we selected to
monitor drawing is the average days late over a two week period. Since our
performance was 1.2 days/2-weeks. We set our target at 1.0 days/2-weeks, a
proposed improvement of 16.7%.

3. Analysis and Countermeasures

Our Group selected themes that all members would understand and identified
problems that could be resolved in a reasonable length of time. The most
effective countermeasure was scheduling design work in more detail and
organizing schedules per individuals. Check off was formally accomplished
every two weeks. Specific countermeasures were immediately applied to delays
noted during check off and a separate accounting was made of each indivi-
duals effect

4. Effects and the Future

As a resul t  of  updat ing and summarizing by individuals  every t w o  w e e k s ,  w e

achieved 1.05 days/2-weeks in the first year, i.e. , (29 days total delay)/
(55 design weeks), for a 12.5% improvement. Although we did not meet our
target, we did effect a significant improvement and were able to identify
four specific cases that had the most detrimental impact. As the experience
was very rewarding, their were no complaints from those scheduled to receive
our drawings, we will continue to refine our approach with special attention
to cases similar to the four cases which prevented us from reaching our
target.
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CASE 19 (1 of 2) Design Department

Target: Reduce the Number of Elbows in Pipe Systems

1. Process Summary

Our Group performs detail design for engine-room piping.

2. Selecting and Setting a Target

Elimination of elbows in pipe systems is a universally recognized way to
improve productivity during pipe piece manufacturing. Our Group recognized
that to conform with our Section’s policy for productive design details, we
must be more vigorous and apply a target which challenges us to eliminate
separate elbow fittings by achieving a greater percentage of straight pipe
lengths (eliminating unnecessary bends)-and by substituting pipe
elbows. Since the past similar-powered ship employed 828 elbows,
established 300 less as our goal, i.e., a decrease of 36%.

3. Analysis and Countermeasures

Our Group talked about various methods to effect bends without
Group confirmed that when bends are necessary they would specify

bends-for
our Group

elbows. The
bends per

the following priority sequence: normal pipe bending, high-frequency bend-
ing, and use of elbows. It was agreed also, to obtain cost comparisons
between high-frequency bending and elbows which were to be disseminated to
all members. Other related subjects were reviewed, e.g., high-frequency
bending data and the poli–lined pipe fabrication standard. Also, the Group
suggested special screening to take place when pipe-detail sketches are
prepared to pick up any elbows that could be replaced by high-frequency
bends.

4. Effects and the Future

As a consequence of our Group’s concerted effort, we achieved a cutback of
315 elbows, i.e., a 38% reduction which slightly exceeded our target. Also,
due to increased pertinent knowledge within the Group and a revised fabrica-
tion standard, we now have potential to continue to improve in future ships.





CASE 20 (1 of 1) Design Department

Target: Cut Back Design Man-Hours

1. Process Summary

Our Group performs detail design for engine-room piping.

2. Selecting and Setting a Target

Our Group’s operation is in accordance with a design  procedure    sheet. At a

Group meeting, a member suggested that if certain factors cause nonconform-
ance with the procedure sheet and cause subsequent rework, then those fac-
tors should be subjects for the Group to examine at the earliest oppor-
tunity. A cut back in man-hours should be planned through countermeasures to
such problems. The Group agreed with the suggestion and proceeded according-
ly. Also, the Group decided to clarify to what extent external factors, such
as changes imposed upstream, cause man-hour expenditures in detail design so
that we could maintain a realistic basis for man-hour comparisons. For a
target value, as we were expending 1.9
hours/pipe piece, a 10.5% decrease.

4. Effects and the Future

By virtue of concerted effort by all

man-hours/pipe piece, we set 1.7 man-

Group members and the cooperation of
related parties we achieved our target. We believe the that the experience
will carry over and effect more improvement in future ships. In the process
we found that man-hours spent due to external factors, accounted for about
10% of our total man-hour expenditure. We have all come to realize that
early communications with each other and with those upstream and downstream
who influence our work, are absolutely necessity. In the future we intend to
review procedure sheets and our practices with the intention of making them
more effective. Also, we will document our approach to problems so that they
will serve as guides for approaching new problems and in this way, improve
our Group’s capacity to deal with problems.
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